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THESIS ABSTRACT

Student Name : Abdul Aziz Mesaad A}FZahrani
Study Title : Assessment of Factors Affecting Building Maintenance

Management Auditing in Saudi Arabia
Degree Date : May 2001

This thesis presents current local and international practices of building maintenance
management auditing, identifies factors affecting auditing, and identifies and ranks
factors affecting auditing of maintenance departments in large organizations in Saudi
Arabia. The objective of this thesis is to assess factors affecting maintenance
management auditing and then develop a suitable auditing form for building
maintenance. To achieve these objectives, previous studies and previously developed
audit forms were reviewed, and a survey was designed to assess the opinions d
specialists in the maintenance field towards various factors and their importance.

The developed questionnaire was distributed to large organizations in the Eastern
province of Saudi Arabia. A total 100 questionnaires were distributed to governmental
and private organizations, 50 for each. A total of 25 completed responses were received
from governmental organizations and 22 were received from the private sector. The
survey was statistically analyzed. The survey showed that 84% of the factors and
sub-factors are ranked as “Important” while others are “Extremely Important” and
“Moderately Important” by the total samples. In addition, these factors are categorized
into six main components, namely: organization & human resources, work load
identification & performance measures, work planning & scheduling, work
accomplishment, information technology & appraisal, and material management. Each
component is composed of many factors and sub-factors. These factors were ranked
according to their importance indices. The result indicated that governmental and private
organizations agree on ranking factors affecting building maintenance management
auditing in Saudi Arabia.

Based on the literature review, the outcome from the questionnaires and the calculated
importance index for each factor, a suitable auditing form for building maintenance
management in Saudi Arabia was developed. The survey showed a lack of awareness on
the subject of maintenance management and a need for auditing techniques, since thee is

no standard audit form or procedure to be followed by each organization’s auditors.

Finally, conclusions and recommendations were presented.
MASTER OF SCIENCE DEGREE
KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS

Dhahran, Saudi Arabia
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CHAPTERI1

INTRODUCTION

1.1 BACKGROUND

Although the maintenance department constitutes a large share and plays an
active role in every organizational framework, it has been neglected by most
organizations (1). A lot of resources are spent on new projects but
insufficient budgets are allocated to maintain them. Even during the
recruitment phase in a maintenance department, not enough attention is
given to employing technically qualified personnel, nor is any in-house
training arranged for the employees to upgrade their skills and knowledge.
Most organizations do not even have suitable offices and workshops to carry

out their work in order to efficiently maintain and operate facilities (2).

In Saudi Arabia during the construction boom, new cities were planned,
major industries were set up, a massive road network was laid, and many
large construction projects were completed (2,3). But recently, there is an
increased demand for maintaining this infrastructure in a good and
acceptable condition, hence more attention is being given to maintenance
policies. Nowadays in Saudi Arabia most of the Ministries and large
companies have begun to feel the importance of maintenance and therefore
more attention is being given to the establishment and functioning of

operation and maintenance departments.



Currently, maintenance techniques and strategies are also being taught in
universities in subjects such as maintenance management, productivity of
maintenance laborers, engineering economics, and socio-technical
management. Research projects and studies are also being conducted in this
area to gather information on various aspects of maintenance in order to
enhance current maintenance programs. As a part of these ongoing research
projects, this field study has been conducted on maintenance auditing. It is
aimed at helping organizations in Saudi Arabia to review, analyze and
recommend ways of increasing the effectiveness of their maintenance

departments.

1.2 STATEMENT OF THE PROBLEM

It is necessary for the maintenance management to know the state of their
organization’s maintenance: whether it is organized in the right way to
achieve their objectives or whether some actions should be taken to improve

their maintenance management approaches.

One major problem facing maintenance managers is that they don’t know
whether their organization system is improving or deteriorating. If managers
are auditing the system, the need to know whether they include the important
and right factors to be audited or not. In such cases if the auditing does not
consider influencing factors, auditors will report incorrectly to the
management and improper actions will be taken. Identifying factors
affecting maintenance management auditing and rating the importance of
these factors is very important to reach a suitable action plan to improve

maintenance systems.



1.3 OBJECTIVES

The main objectives of this study are to:

(i). Review current local and international practices of building

maintenance management auditing.

(ii). Identify and assess factors affecting building maintenance

management auditing.

(iii). Identify and rank factors affecting auditing of maintenance

departments in large organizations in Saudi Arabia.

(iv). Develop a suitable maintenance management auditing form for
organizations in Saudi Arabia, considering local socio-cultural,

economic and environmental issues.

1.4 SCOPE AND LIMITATIONS

In this study, factors affecting building maintenance management will be
reviewed and assessed through a literature review, site visits and interviews
with specialized personnel. The study will be limited to large facilities in the
Eastern province of the Kingdom of Saudi Arabia. The survey will include
maintenance departments in industrial, commercial and government

buildings.



1.5 SIGNIFICANCE OF THE STUDY

Building projects in Saudi Arabia cost billions of Riyals. Keeping these
facilities in a condition in which they perform their functions as designed for
is very important. Maintenance management should be audited to ensure the
effectiveness of the system, and managers should make any necessary
improvements according to rational studies. There are many factors
affecting the nature of auditing of building maintenance management in
Saudi Arabia, such as social, environmental, the lack of regulations, and a
lack of awareness of the importance of maintenance auditing. The

importance of the study comes from the facts that:

1. There are no standard auditing techniques for maintenance

organizations in Saudi Arabia,

2.  There is a need for the assessment of factors affecting auditing in

large facilities and the level of their importance,

3.  There is a need to look into facilities owners® and expert maintenance
contractors’ perceptions of the importance of auditing of maintenance
organizations,

4.  There is a lack of awareness on this subject.

5.  The development of a suitable maintenance management auditing

form for organizations in Saudi Arabia is needed.



1.6 THESIS ORGANIZATION

This thesis discusses factors affecting auditing of building maintenance
management in Saudi Arabia in order to review the practice of auditing by
maintenance departments and develop an auditing form suitable for building
maintenance management. The thesis is divided into six chapters and two

appendices.

Chapter I is an introduction to auditing, which gives the reader an overall

view and the main objectives of the study.

Chapter II presents previous studies which have been conducted in this field,

discusses maintenance principles, audit types and phases.

Chapter III presents the factors affecting building maintenance management.
Chapter IV presents the research methodology and the survey details.
Chapter V presents findings of the questionnaire and the results.

Chapter'VI is devoted to a summary, conclusions and recommendations.



CHAPTER II

LITERATURE REVIEW

2.0 INTRODUCTION

In order to evaluate the maintenance systems, recommend and carry out the
improvement actions, the maintenance department’s mission should be clear.
Before conducting the audit, a plan should be established detailing who will
perform the audit, which factors will be considered, and what are the
auditing phases. In this chapter, previous studies in maintenance

management principles and auditing are highlighted.

2.1 PREVIOUS STUDIES

Maintenance management has been given broad attention by many authors.
There are many studies which have been conducted on many aspects of
maintenance management. The folloWing are examples of studied subjects

related to maintenance management:

a)  Organization of maintenance management

b)  Paper work and documentation of maintenance jobs.
¢)  Scheduling and planning of maintenance jobs.

d)  Maintenance work measurement standards.

e)  Preventive maintenance and facilities inspections.

f) Maintenance performance appraisals.

g)  Material control.



h)  Maintenance budgets.

i) Computerized maintenance management.

Although many studies have been conducted in the field of maintenance
management, there is a noticeable lack of research on auditing of building

maintenance management.

Auditing of maintenance management helps authorities determine if they are
going the right way to meet their objectives and set goals. Although it is not
easy for maintenance management to improve systems and productivity, it is
necessary to keep attempting to do so through the utilization of their
resources in the most effective manner as part of their responsibility in
maintenance management. A well-planned and conducted audit lead to the
improvement of the maintenance program’s effectiveness, increase the
quality of performance, and assist meeting productivity and desired goals.
This can be enhanced by using management information systems and better
utilization of resources. Applied Management Engineering (which is a
recognized engineering firm) and Harvey H. Kaiser (4) introduced
maintenance management audit in 1991. The review activity and appraisal
should lead to improving operations and maintenance systematically. The

basic phases of maintenance management auditing can be summarized as

follows:

1.  Establishment of priorities and scheduling the audit;
2.  Organization of the audit;

3. Formation of the audit team;

4,  Audit performance;



5.  Report preparation;

6.  Management action based on the received report;

7.  Follow-up of audit results.

Improving maintenance quality using statistical process control tools has
been studied by Salih O. Duffuaa and Mohammad Ben-Daya (5). They
concentrated in their study on seven quality tools in maintenance
management and the needed data. They found some questions to be

answered, such as: what are the most critical factors?

Answering such questions and solving problems that cause poor quality

maintenance can lead to a better class maintenance.

Duffuaa and Raouf (6) conducted a study on continuous maintenance
productivity improvement using a structured audit. They proposed a
structured audit approach to improve maintenance systems. Also it is noted
that there is a need for a productive maintenance system, as indicated by
many other researchers. The structured form considers scoring of the factors

according to their importance or weight.

Price Waterhouse Cooper (7) developed a questionnaire to evaluate
maintenance programs. The questionnaire included many statements on
each factor, each statement given a score ranging from 0 to 4. The main
factors included were: maintenance strategy, organization and human
resources, employee empowerment, maintenance tactics, reliability analysis,
performance measures/bench marking, information technology, planning and

scheduling, materials management and maintenance process re-engineering.



DeGroote (8) proposed a maintenance performance evaluation approach
based on a quality audit and performance indicators of maintenance. The

quality audit should be conducted in four stages, as follows:

1)  Survey of the influencing parameters;
2)  Analysis of collected data, conclusions and recommendations;
3) Improvement action plan;

4)  Justification of the proposed improvement plan based on cost-benefit.

Five major factors were indicated in the conclusions and recommendations

of the study, as follows:

i) Production equipment;

ii)  Organization and management of maintenance;
iii) Material resources;

iv)  Human resources;

v)  Work environment.

Audit of maintenance performance needs both well-experienced and
structured methodology. The audit leads to more fundamental re-
engineering of organizational structure, changing of personnel behavior,
quality, cost, safety and environment. DeGroote (8) concluded that more
improvement dimensions will be added to the framework as more

assessment of maintenance performance is conducted.

The importance of information technology for maintenance management has

been studied by many researchers. Computerized systems can help
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maintenance management in many aspects. Planning, scheduling and
coordination of maintenance works require a lot of interactions with

different sections in which information technology can be utilized.

The following can be covered:
» Long-term, medium-term and short-term planning;
s Resource management for maintenance;

= Evaluating maintenance performance.

Developments in information technology enabled management to change

organization, working methods and performance to be more efficient (9)

Al-Sultan (10) studied maintenance issues in the Kingdom of Saudi Arabia,
such as needs, planning and budgeting. These factors affect directly the
audit of maintenance management. Also maintenance management practices
were reviewed. The study indicated that effective maintenance management
is needed in the Kingdom of Saudi Arabia, andnd many recommendations

related to the subject of auditing were made, such as:

= Formation of a national maintenance program.

» Introducing a course in maintenance management to all engineers and
business schools.

» Development of maintenance training courses and workshops.

= Introduction of maintenance audit programs and bench marking.

» Encouraging writing books in Arabic on maintenance management.

= Arrangements of symposia and conferences on maintenance

management.
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2.2 ASSESSMENT OF MAINTENANCE MANAGEMENT
PRINCIPLES

Maintenance management should have clearly defined objectives and

descriptions of duties to facilitate the management in assessing its

effectiveness and evaluating their performance. If good planning of auditing

is executed, it will result in good ideas for improvement (9). Effectiveness

in maintenance management is indicated by the following factors:

L Productivity

Productivity is an indication of productive time directly spent by workers.
Optimum productive time is usually about 65% (1). Auditing is used to
imprové a productive maintenance system which must be productive to

achieve its objectives (6).

II. Performance

Performance can be defined as the actual hours compared to planned hours
required to execute the work. It is difficult to measure the performance of
maintenance due to different situations, parameters and lack of a

performance standard (1,4,12).

The following factors should be considered in measuring maintenance

performance, as classified by Campbell in 1995 (11):

1.  Equipment Performance
2. Cost of Performance

3. Measure of Process Performance.
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Assessment of maintenance performance is a very important parameter of
maintenance management to increase the effectiveness of a maintenance

organizations (8).

III. Work Quality

Production of new materials of various types used by maintenance laborers,
affects the quality of work (5). There are a lot of books and articles talking
about work quality control, but there is no standard or unique checklist of
methods to assess the quality of maintenance work, and there is no definition
that can be followed to know whether any work is done well or not
(1,5,4,13). Quality evaluation is a subjective measure. Also the quality of

work can be indicated by the assessment of following factors (1,12):

1.  Waiting time

2. The standard of service provided
3. Staff satisfaction

4.  Number of complaints

5.  Facility suitability

IV. Priority

Priority assures that the most important jobs are done first. Maintenance

works are classified into the following categories (1,11):

1. First Priority: Given for emergencies, in which delay will affect

safety and health.
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2. Second Priority: Given for jobs of less priority than emergency but
where delay might cause bad results. This type of work is usually

conducted within a week of issuing the work request.

3.  Third Priority: Given for normal jobs which can be scheduled and

planned after requests are issued by users.

2.3 DEFINITIONS OF AUDITING
o Audit, as defined by The American Heritage Dictionary, is “an

examination of records or accounts to check their accuracy”.

e “Auditing is a process in which one person verifies the assertions
of an other”, as defined by C. William Thomas and Emerson O.

Henke (14).

e Another definition, given by Carmichael, Willingham and Schaller,
is: “Auditing is an independent investigation of some particular

activity” (15).

e Harvey H. Kaiser and Applied Management Engineering explained
that the purpose of maintenance management auditing is to assure

- that management is meeting its goals and objectives (4).
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2.4 TYPES OF AUDITS AND AUDITORS

2.4.1 TYPES OF AUDITS

L

Earlier researches and articles concentrated on financial auditing.
Theories and concepts of financial auditing were given more attention by
scientists and organizations. After 1900, authors and experts started

writing about other important types of audits such as: (4,14)

) Compliance Audits
(ii) Internal Audits
(iii) Operational Audits

These types of auditing share many components and procedures.

Compliance Audits

This type of audit is usually done by government agencies to ensure that

activities meet the organizational objectives. It consists of financial and

performance audits (14,16).

IL.

Internal Audits

Internal auditing is done by team from the same department. This team

assesses and evaluates their system and reports to higher authorities in the

same organization. The internal auditors might suggest a correction in the

system, recommend changes, and put forward a plan to improve the audited

organization (4,14,17,18).
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III. Operational Audits

These are audits of comprehensive activities, such as management
performance, internal systems, structural organization and work flow. This
type of auditing is done by all types of auditors. It gives a report to
recommend improvements in both effectiveness and efficiency of the
audited organization (14). Operational auditing assesses the principal
measurable services meeting both quality and user satisfaction in the

following areas (1,4,17,18,19):

" Accuracy

. Appearance

. Behavior

. Documentation
" Performance

»  Reliability

. Time

2.4.2 TYPES OF AUDITORS
Auditing might be conducted by one or more of the following types of

auditors:

L Independent Auditors

These are a team assigned to audit the organization. Independent auditors
must be expert in their business and usually they are of highly
knowledgeable and experienced (4,15).
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II. Internal Auditors
Internal auditors are from the maintenance organization staff. They should
be highly experienced. After assessment of the system, they report to senior

management their findings and suggest improvements required.

III. Government Auditors
Government auditors are employees doing auditing for government agencies

to assure that agencies and organizations are following regulations and laws
efficiently (14,15,20).

Auditing is conducted by one or more of these types of auditors, but it is
advised that some senior employees from audited department should be in
the team (4).

2.5 AUDITING PHASES
Maintenance management audit is necessary to provide a proposed

improvement to the system. It helps the management in the following ways
(4,8,18,21,22):

»  Insuring that maintenance is carrying out its mission and meeting its

objectives.
P  Increasing the quality of work

»  Helping the management to establish a good organization structure.
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»  Automating and recommending information systems to increase

effectiveness and productivity.

»  Making a better control on resources.

»  Highlighting problems and obstacles, and recommending how to

avoid or minimize them.

To achieve these mentioned objectives, several phases must be followed to
get a sound audit report. These phases are shown in Fig. 2.1
(4,14,18,19,22,23):

Planning, Establishing Defining and Organizing Confirming the Audit

Priorities & Supervision —P the Audit Team —>

—| Conducting the Audit | Report Preparation —p| Management Action —p

—»| Final Follow-up

Fig. 2.1 : Auditing Phases (15)
L Planning
Planning includes: establishing priorities and supervision before starting
auditing, scheduling of nominated activities to be audited and assigining the

chairman of the team. (4,18).
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II. Defining and Organizing the Audit

This phase identifies items to be audited related to some scale, either
quantity or quality; provides and confirms guidelines of the audit process;
sends questionnaires to managers of departments and establishes scope and
work plans (4,24).

II. Confirming the Audit Team
In this phase some members of the department might be added to the team.
The membership of the team is confirmed, the scope of the audit, methods

and procedures are outlined (4,15,24).

IV. Conducting the Audit

In this phase the following taskes are performed:

e Data collection by site visits to working areas, interviews with laborers

and users, etc.

e Organizating and tabulating findings and problems.

V.  Report Preparation
Reporting is a very important stage of auditing since it reflects what is going
on to the higher level management and actions will be taken based on the

report.

VI. Management Action
After the management receives the report, it might be discussed with the

chairman of the team, and management will issue any decisions to improve
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the system. It is important to get support from directors of departments to

conduct improvement actions (4).

VII. Final Follow-up
Actions taken based on the recommendations should be monitored,
implementation should be reported on periodically, and critique should be

encouraged to review and evaluate the outcomes (4,24).
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CHAPTER III

KEY COMPONENTS OF
MAINTENANCE MANAGEMENT AUDITING

3.0 INTRODUCTION
As mentioned earlier, the maintenance organization’s effectiveness is

indicated by productivity, performance, work quality, and priority.

Researchers and auditors of some maintenance management departments
develop questionnaires for auditing to help in the assessment of the

important factors affecting maintenance auditing, such as:

e The questionnaire developed by Applied Management Engineering, PC,
and Harvey H. Kaiser (4).

e The questionnaire developed by Price Waterhouse Cooper (7).

e The questionnaire used by an auditing team of King Fahd University

Maintenance Department management (25).

e The questionnaire distributed in a seminar entitled “Assessment of

Building Maintenance Management, Theory & Practice” in Dammam

(13).
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e The outline of corrective action factors initiated by Duffuaa and Raauf

(6).

e Some important factors of maintenance management auditing in building

maintenance management books and other references.

The management attempts to achieve their department’s objective, so they
are responsible for planning, organizing, leading and controlling their

personnel (20).

Also, Maintenance Management’s objective is to retain the building and
system in as-built condition, to keep operation at a productive level and
reduce energy consumption, so there are some important components
composed of key elements to analyze and evaluate the maintenance
management system (1,4,6,9,11,12,13). These components and elements are
shown in Table 3.1. (pp. 61-66).

3.1 ORGANIZATION & HUMAN RESOURCES

Each department must have already defined lines of authority and
responsibility in its organization. Each employee should have a specific area
of authority and responsibility. An organization chart is issued to illustrate
procedures and activities of the organization. The organization is evaluated
to identify job descriptions and responsibilities. Maintenance staff should be
experienced and capable in order to handle their jobs efficiently (4,7). The
Organization & Human Resources component is composed of the following
elements (4,7,25):
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o Organization (structure)

° Policies, Rules & Services

o Work Control Center Functions & Staffing
o Shop Organization

e  Shop Supervision & Planning Functions

e  TFirst Line Supervisors & Responsibilities

e  Training

3.1.1 ORGANIZATION STRUCTURE

It is very important for small or large organizations to have organization
structure to specify responsibilities, tasks and authorizations for each
employee. Methods and measures should be very clear to define jobs in the
organization structure (4,8,12,14). The organization structure might be

composed of the following elements:

1. Organization Chart
This is a diagram showing the relationships of departments, divisions, sections

and individuals in the organization (20).

2. Function Statement
A function statement documents authority, responsibilities and roles for each

position (4).
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3. Job Description

This is an outline description of essential position tasks and responsibilities.
Each employee should be provided with a copy of his job description in
order to understand his role (4,20).

4. Updating Procedure
Documentation of the organization chart, function statement, and job

descriptions should be available, periodically reviewed and updated.

3.1.2 POLICIES, RULES AND SERVICES
Objectives, policy and rules of the maintenance organization should be stated
and documented. Procedures also should be reviewed and updated regularly (4).

This element can be made up of two components:

1. General Policies
Each organization should have clarified objectives, mission and general

policies documented (1,4).

2. Complete Services
Relationships of Maintenance department sections, organizations and

services should be defined and distributed clearly (4).

3.1.3 WORK CONTROL CENTER FUNCTIONS, STAFFING
The work control room is the heart of the organization and the point of
connection between clients and the organization. It should have enough

qualified staff and complete information. Work control staff are planners,
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inspectors, estimators, and those who prepare work orders (25). The work

control center functions and staffing can be classified into the following;:

1. Work Control Responsibilities

Responsibilities of work control include:

a. Work request reception

b. Facility inspection

c. Planning and estimating

d. Work order preparation

e. Support for long-term planning for Projects & Budgeting

f. Data feedback for administration.

2. Effectiveness Evaluation

In the work control room work conducted by each workshop should be
reviewed, productivity should be measured, and quality and economic

effectiveness should be evaluated (4).

3. Work Reception Training
Work control staff must be well trained in the nature of maintenance jobs, so
that they can understand the problem from the requester and respond to it

correctly.

4. Planning Staff
Expert technicians should be recruited in work control to conduct estimating,

planning and inspection jobs (4,25).
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5. Management Analysis

Analysis should be conducted in work control for reviewing, evaluating and
making suggestions for improvement of the work. Work control should be
given more attention and put under a higher authority to give it support to

achieve its mission (4,7,25).

3.1.4 SHOP ORGANIZATION

Every shop needs a documented line of authority, and relationship with other
workshops. For effectiveness of production, each workshop’s organization
is checked and reviewed. Shop supervisors and staff must be well trained

for safety (4,7). To check the shop’s organization the following should be
checked:

1. Shop Functions
Each unit’s function, responsibilities and lines of authority should be

documented and clarified to the shop personnel (4,17).

2. Related Crafts Relationships
Related crafts should share information and work together as a team to

provide optimum services (4,5).

3. Effectiveness Evaluation
Workshopss effectiveness must be reviewed periodically. Shop organization
advantages and disadvantages are studied to recommend necessary actions to

increase effectiveness of the workshop (1,4,6,11).
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3.1.5 SHOP SUPERVISION AND PLANNING FUNCTIONS

During auditing the ratio between supervisor and workers and the
availability of a planner to schedule the shop work is checked. These checks
affect the result of the auditing and its final recommendation. In the study of

shop supervision and planning functions the following should be considered:

1. Multi-Craft Job Coordination
Shops carry out many types of jobs, and coordination and supervision of
these multi-craft jobs is the responsibility of workshop supervisors.

Managers should clarify and help personnel to improve coordination.

2. Supervision Coverage
The work of the shop should not be affected by the absence of the

supervisor. Each shift should be supervised by a qualified foreman.

3. Planning Function
Each shop should have planners to help the supervisor to schedule the work,

coordinate with other workshop, and control materials and manpower (4,5).

3.1.6 FIRST LINE SUPERVISORS & THEIR RESPONSIBILITIES
First line supervisors are recommended to be responsible for 12 to 15
workers: to organize their department and increase their efficiency (7,25).

Some factors affecting this issue are:

1. Supervisory Ratio
The ratio of workers to supervisors must be reasonable to allow supervisors

to spend more time to direct their people (4,7,25).
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2. Availability of Adequate Support Staff

The availability of an adequate number of qualified technicians helps
supervisors to manage their sections and distribute responsibilities. A
strategic plan should be there to provide the maintenance department with

required resources (7,9).

3. Labor Productivity
One major responsibility of supervisors of maintenance is to follow and
improve labor productivity. A standard man-hours/actual man-hours should

be considered. Also training should be given to each employee to achieve a
desired productivity (1,12,25,26).

3.1.7 TRAINING
Training is an important factor affecting the efficiency, production and
quality of performance of workers. The following are two types of training

which should be conducted with maintenance personnel:

1. Technical Training

Maintenance supervisors are trained to improve their ability of supervision.
Employees also are trained regularly to get more knowledge and increase
their productivity. Each section and workshop should summarize their need
for training. The minimum required training for each employee every year
should not be less than 5 days (7,19).
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2. Productivity Training

Training is not for supervisors or workers only, but also for higher
management levels. Productivity training is required both formal and on the
job site (25).

3.2 WORKLOAD IDENTIFICATION & PERFORMANCE
MEASURES

Work requests and completion of work must be documented to show the

maintenance management how busy each section is the department and to

keep feedback records for future needs. In addition, performance measures

should be identified and published continuously (2,7,14,25).  This

component is composed of the following elements:

e Facility Condition Inspection

o Work Request Procedure

¢ Relationship between Sections

e Preventive Maintenance (equipment)
o Service Work

¢ Routine, Recurring Work

e Work Requirements Documentation
¢ Performance Indicators

e Publishing Maintenance Performance

3.2.1 FACILITY CONDITION INSPECTION
When construction work is inspected by experts, suitable remedial work is

suggested, and priority is given to conducting the repair work according to
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the condition and severity of the required maintenance work (3,7,12,17).

The facility condition inspection includes:

1. Inspection Staff

One major task of maintenance work is to inspect construction. Availability
of qualified inspectors is very important to give feedback reports to
maintenance management to plan and schedule the suitable remedies (12).
One inspector at least is needed to cover 2,000,000 square feet every two

years (4).

2. Inspection Scheduling

Inspection work should be scheduled on a cyclic basis. Advantages of
regular inspection can be reflected in better safety, health and environmental
conditions. Diagnostic routines also should be used regularly on mechanical

systems in the building, such as air conditioning (4,7,12,25).

3. Maintenance & Repairs Based on Inspection

The facility condition inspection report is important to maintenance
management in order to do the maintenance and repair work based on the
report. The early repairs can retain the asset in a better and safer condition

and save a lot of expense (4,12,22).

3.2.2 WORK REQUEST PROCEDURE
The procedure for any work request starts from the requestor, and is received
by the control room. A work order is initiated, then the work is conducted

and a feedback report is sent to the work control room (1,4,7,12,17,25).
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These issues are very important, affecting work control from initiation till

the work order is closed.

1. Work Order System

A work order system is a very important tool in each maintenance
organization. It helps in controlling materials, follow-up of labor
productivity, planning and scheduling. A work order form is usually filled
by work control and coordination personnel after receiving the work request
from the user (12,25). Basic items of information that should be available in
the work order form are (12,25):

a. Serial number, date of request.

b. Name of requester.

c. Priority of the request

d. Description of the work

e. Workshops requested to conduct the job
f. Material required

g. Man-hours required

2. Procedure Documentation & Processing

In documentation of work requests, procedure is necessary to give feedback
and plan the work. Historical data is needs to be reviewed and analyzed to
improve and increase the maintenance performance (4,8). The process of
the work request can be followed and controlled by the work order form if it

is applied correctly (4,25).
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3. Feedback to Requester
Feedback is given to the requester that his request has been received, action

will be taken as specified, on such and such a date (4).

3.2.3 RELATIONSHIPS BETWEEN SECTIONS

A clear and practical relationship between different sections is understood
and documented for ease of conducting jobs and to optimize the work
product. Any points of confusion must be clarified and explained by
management so that the work is not affected (4,7,8). Three factors have a

direct effect on relationships between sections, namely:

1. Personnel Understanding of their Works Relationships

Maintenance work is classified into many trades. No section or division can
work alone without the help of others, so it is expected that all maintenance
staff are trained to understand the relationship of their work to achieve the

mission of their organization (7).

2. Job Description of Each Section

To identify a better relationship between sections, the job description should
be clear and understood for each section. The work order system can not be
implemented unless each worker knows each section’s responsibilities and
duties (25).

3. Team Work Assignment
In some cases such as shutdowns or overhaul maintenance and replacement,

a team made up of different trades is assigned to conduct the job. A leader is
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assigned to that assignment to be responsible on behalf of the management

till the project is completed.

3.2.4 PREVENTIVE MAINTENANCE (EQUIPMENT)

In order to keep equipment working in a good condition, it should be
checked and maintained regularly. Preventive maintenance covers about
10% of documented maintenance work. Preventive maintenance works are
documented for each piece of equipment, to get feedback when needed for
that equipment (1,4,7,8,12). The following should be considered in the

preventive maintenance program for equipment:

1. Planned Preventive Maintenance
Records and feedback reports are used to plan, organize and carry out the

maintenance work.

2. Preventive Maintenance
This is defined as: “Maintenance carried out at predetermined intervals or to
other prescribed criteria and intended to reduce the likelihood of an item not

meeting acceptable conditions” (12).

3. Running Maintenance
This type of maintenance is carried out when the equipment or the item

maintained is working (12).

3.2.5 SERVICE WORK
Service work as defined by Applied Management Engineering, PC and

Harvey H. Kaiser (4) is “small, single-craft jobs which require less than four
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hours each to complete. These jobs are generally not appropriate for
scheduling individually and should be processed differently from other types
of work”. It is important to calculate the percentage of service works to the
total maintenance work to balance staffing of these jobs (4,11,13). The

service work auditing includes the following three factors:

1. Service Work Classification
Scheduling and planning of work requires classification of the work to be
conducted. Service jobs are processed separately from other types because

of their nature (4).

2. Processing Procedures

The processing procedure evaluation is based on the following (4):
a. Where requests are received

b. Is there screening and determination of priorities?

c. Is there a system to follow-up uncompleted service work?

d. Is feedback information sent to the requester?

3. Work Load Analysis
Analysis is done to find out the ratio of total work force to those doing
service work. Also analysis helps to balance the distribution of manpower

between service works and other maintenance types (4,7,12).

3.2.6 ROUTINE, RECURRING WORK
Repetitive work, such as maintenance of kitchen equipment is routine work

(4). These jobs are expected to be requested periodically so that
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maintenance personnel can be ready to conduct them. When these jobs are

planned, conducted and reviewed, the following are considered:

1. Recurring Work Classification
Recurring work is classified and controlled separately from other types of

work.

2. Standing Work Order Scheduling & Performance Report
Work orders are scheduled weekly to accomplish +10% scheduled hours. A
performance report is sent to the management periodically to review and

recommend improvement actions (4,7).

3. Activity Cost

The cost of time and quality for maintenance procedures are measured and
checked routinely (7,8,15).

3.2.7 WORK REQUIREMENTS DOCUMENTATION

Maintenance work should be documented and kept in reachable records to
be used for future feedback. Maintenance problems, deficiencies, forms and
procedures also listed to make the review of priorities and workload easier
(4,7,12,25). The most important types of work requirements documentation

are:

1. Prioritization
Priorities can be set considering the cost and craft hours. The jobs are sorted

and summarized by priority, type of work and fund resources (4,7,25).
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2. Summaries of Status
Jobs are summarized by their status; some important notes are documented

such as date of start and completion, required materials, planning, etc.

3. Work Load Review
The work load should be reviewed periodically using periodical reports and

feedback information to reach a suitable action for improvement (4,7,12).

33 WORK PLANNING & SCHEDULING
The objective of work planning is to develop a strategy to conduct the work
in a fixed period with successful completion. The methods of performing
the work are evaluated, flows of work are controlled, and performance in
effective time and cost are some of the planning corners. Shutdowns,
weekly jobs and preventive maintenance should be scheduled using critical
path or other methods (7,25). The following elements belong to this

component:

e Priority System

o Work Classification and Weekly Schedule
o Alterations & Improvement Work

¢ Budget Requirements for M&R

¢ Budget Execution Plan

e Backlog of Funded Work

o Emergency Work & Shutdown Scheduling
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3.3.1 PRIORITY SYSTEM

The priority system in most maintenance organizations is classified into
three cétegories, First, Second and Third priority, as explained in the
Literature Review. The priority system is mainly composed of the following

three factors:

1. Criteria Documentation & Distribution
Priority criteria should be established in the organization, documented and
distributed. All maintenance supervisors, inspectors and planners should be

aware of the criteria for priority (4,8).

2. Criteria Appropriateness
The criteria should consider some important factors, such as safety, energy
conservation, economic issues, etc. (4,27). These factors should be

appropriately addressed.

3. Consistency of Priority Criteria
Consistency is important in establishing the priority system. When jobs are
planned and priority criteria are consistent, the workflow will be conducted

easily and systematically.

3.3.2 WORK CLASSIFICATION AND WEEKLY SCHEDULE

Based on the experience, condition and standard, the required work is
classified as normal, urgent or emergency (1,12). In order to conduct jobs,
some statistical analysis is done to program daily and weekly jobs. Weekly

scheduling can be done for ordinary and urgent jobs based on classification
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and priority listing for requested works (1). The following are the work

classification and weekly scheduling issues:

1. Work Classification

As mentioned earlier in the case of scheduling, planning and controlling the
work it is important to classify this work into many types, such as service
work, preventive maintenance, recurring work, etc (4,8). If this

classification is done, it will help in scheduling and planning the work.

2. Work Processing Procedure
The processing is started by filling forms such as the work request form and
work order form, then actions are taken till the work order is closed and data

are entered in the system (4,7,12,25).

3. Weekly Scheduling
Jobs are scheduled and planned for long-term plan, for mid-term plan and
for short-term. Weekly scheduling should be set by the supervisor of each

section for routine maintenance work requests (12).

3.3.3 ALTERATIONS AND IMPROVEMENT WORK

Naturally some buildings need some alterations or improvement
maintenance work such as re-arranging partition walls, changing locations of
doors or demolition of some walls to increase space (1,4,12). As this issue is

an important factor, it consists of the following elements:
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1. A/ Classification

Clear classification should be given to alterations and improvement jobs to
distinguish them from maintenance jobs (4). However it is not easy to
distinguish clearly between maintenance and improvements. The
improvement jobs are initiated by design faults or necessity for higher
standards. Alterations are also required when the use of the building is
changed (12).

2. Work Processing and Programming

The processing of the work should be determined by many regulations, such

as the source of funding (4,12).

3. Work Force Distribution
The percentage of improvement and alteration jobs to maintenance work
should be reasonable. The Planning budget also should be considered for

improvement work separately from maintenance work (4,12,27).

3.3.4 BUDGET REQUIREMENTS FOR MAINTENANCE & REPAIRS
The following are the most important factors composing the budget

requirements for maintenance and repairs of buildings:

1. Budgetary Method

Annual maintenance budgets for maintenance and repairs are estimated
using (1,7,31):

a. Feedback reports and activities planned

b. Fixed formula approach

c. The lést year’s budgets
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Othoman, Nixon and Lofgren summarize four factors for budget estimating
for facility maintenance and repair (27):

a. Physical plant initial or replacement cost.

b. Formulas for quantifiable attributes of the plant

c. Life cycle analysis

d. Assessment of facilitiess physical condition.

2. Cost Reporting & Budget Documentation

Each type of maintenance work should be reported separately from others.
Indication of the cost of each type is recorded for ease of analysis and
estimating of next year’s budgets. Project works are accounted separately
from the maintenance account. The annual budget estimating and
scheduling of overhaul data should be documented and reported for feeback

for later years (4,7,27).

3. Long-range Requirements

Long range requirements, such as renewal and replacement of some items of
the building are considered for budgeting preparation (4,12). The long-term
plan is set for five or more years. Its objective is not to lay down each small
job but to give an idea and budget estimation for major projects that will be

conducted in the coming five or more years (12).

The required maintenance and repair budget can be estimated from:
- Past records feed back

- Long term planning for work

- Condition-based survey

- Using some formulas
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Expert and reasonable estimation must be done to get a satisfactory budget

for maintenance (1,4,12).

3.3.5 BUDGET EXECUTION PLAN

Maintenance managers and engineers are responsible for how the budget is
spent. They should have a very clear plan to utilize the budget
professionally. Good judgement and experience, and planning will help in
maintaining facilities without wasting of resources (4,27). The following are

related to the budget execution plan:

1. Periodic Budget Execution Planning
The execution plan of the budget can be documented monthly or a longer-

term basis (4,7).

2. Identification of Work Types
The work class and types are identified by the plan, and all types of

maintenance works are included in the plan of execution of the budget (4,7).

3. Budget Controls
Expenditure of the budget should be controlled adequately. Reports of
actual expenditure are compared with the planned expenditures. In general,

budgets are executed within +10% (4).

3.3.6 BACKLOG OF FUNDED WORK
Management should be aware of or reported to periodically about funded

work. These summary should include priority, trends and analysis to review
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work (4). For the backlog report of funded work, the following factors

should be considered:

1. Backlog Definition
Work backlog should be defined, also the backlog of funded work should be

documented, summarized and reported periodically (4,7,25).

2. Backlog Summaries

Work backlogs are summarized according to their shops, type of work or by
priority (4,7).

3. Backlog Review and Analysis

To take corrective actions the work backlogs are reviewed periodically and

problems are investigated (4).

3.3.7 EMERGENCY WORK & SHUTDOWN SCHEDULING
This factor of building maintenance management auditing is composed of

the following:

1. Non Emergency Work

Good planning and scheduling for preventive maintenance will minimize the
emergency work (1,4,15,22,28). An increasing number of emergency jobs
affects the planning and scheduling and indicates the deterioration of the

maintenance system, in addition to the disturbance it causes to clients.

2. Standard Time Assessment
Breaking the work into elements and counting the time each element takes to

execute will help to know the standard time these jobs will need. Standard
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time is determined by the performance a qualified worker can achieve in a

regular working hour as an average (6,8,12).

3. Shutdown Scheduling

Long-term scheduling for shutdowns should be made for preventive
maintenance purposes, such as, for air conditioning stations, water pumps
and electric generators. The schedule should be clear and announced to
clients. A suitable time is selected for shutdowns to cause no disturbance for

users and occupants (13,22,25,29).

4. Long Term Plans

The idea of long term plans is not to determine what to do exactly on an
exact date, but to estimate needed budgets in advance for up to 5 or more
years. This budget includes needed structures, staff and time to carry out

major maintenance work and repairs (12).

34 WORK ACCOMPLISHMENT
This section describes some types of support activities that help maintenance
organization to do their work efficiently. Following are the elements which

constitute this component:

¢ Shop Scheduling & Planning Procedures
o Craft and Material Availability

e Maintenance Process & Re-Engineering
o Shop, Spaces, Tools & Equipment

e Transportation
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e Supervisory Practices

e Use of Contracts

3.4.1 SHOP SCHEDULING & PLANNING PROCEDURES
To achieve the goal of a workshop the formal function is established, jobs
are scheduled and processed on weekly basis (4). This factor can be divided

as follows:

1. Scheduling Established
Each shop should have a weekly scheduling for its works according to the

work orders received. These scheduling procedures are identified and
documented (4,25).

2. Scheduling Procedures

Meetings are held to ensure understanding, agreement and coordination.
The manager of the maintenance department and the shop head participate in
the scheduling process, and feedback should be received from the workshops

about the work accomplishment (4).

3. Scheduling Performance
The scheduling performance allowed is within +10%, and if it is not within

this range, corrective actions should be taken (4,25).

4. Shop Planning Support
The support of shop planning is given by ordering the material, delivery of

material to the work site, equipment and tools, work site availability and
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other supports needed, such as information and technical data, etc
(4,8,12,25).

3.4.2 CRAFT AND MATERIAL AVAILABILITY

Qualified staff are recruited by maintenance management to achieve a better
performance.  Another important factor affecting quality of work
accomplishment is material resources such as: technical documentation,
inventory systems, tools, machines and spare parts (1,4,7,8,12). The

following are factors related to craft and material availability:

1. Craft Distribution Planning
The weekly plan of the workshop includes the scheduling of the work force.
Shop hours are identified from other classes of work (4,7,8).

2. Work Ordering Scheduling
Work order is necessary for scheduling and controlling the workshop jobs

and its implementation helps the workshop supervisor to control jobs
successfully (4,12,25).

3. Material Scheduling
Before scheduling each work order, the materials needed are determined.
Especially for large jobs, material availability is very important before the
start of work (4,8,12,25).

4. Material Availability
It is difficult to schedule work or to start it without material. The workshop

can not operate unless material resources are available (4,8).
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3.4.3 MAINTENANCE PROCESS RE-ENGINEERING
Maintenance process re-engineering is applied in maintenance processes
design such as planning, identification of corrective maintenance and

redesign of key processes to optimize utilization of maintenance resources.

Automation of maintenance management and work procedures, technical
support processes, and activity costs are also parameters of maintenance
process re-engineering (4,7,8). The maintenance process re-engineering is

related directly to the following factors:

1. Key Maintenance Processes are Designed
Key maintenance processes are designed to increase efficiency and reduce
wasted time. Planning of work accomplishment is clarified on maps to be

followed by maintenance workers (7).

2. Work Process Automation

Computers can be utilized in controlling work by the work control and
coordination office, workshop supervisors and managers (25). A lot of
information technology development can help to improve maintenance

practice (9).

3. Quality Cost Measuring

The quality relates to the condition of the building considering the age and
its initial specification. The age factor assumes a constant value for the first
15 years of a building’s life (12). Information systems and automation of

maintenance work help in quality measuring and monitoring.
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4. Performance Indicators

There are some indicators which show whether functions of maintenance
and its performance are in control or some actions need to be taken. These
indicators must be linked to the objectives and strategy of the maintenance
organization (11). Maintenance performance indicators are taught, pasted

and published regularly to be understandable to each worker (7).

3.44 SHOP, SPACES, TOOLS AND EQUIPMENT

Enough spaces are given for shops in adequate locations. These shops
should be provided with needed tools and equipment (4,25). Also the
following factors should be considered:

1. Shop Spaces

The shop location should be suitable to get the most efficiency of the work
force. The work shop should not be far away. The size of the workshops,

facilities and storage must be convenient for better performance (4,7).

2. Tools and Equipment

Tools and equipment are essential for workshops. The tools and equipment
must be maintained and restored properly. A record for them and their
repairs is important. Preventive maintenance should be scheduled for
equipment and assets (25). Equipment is classified according to its

importance to safety and operations (7).

3. Shop Conditions
The workshops and their facilities should be maintained continuously to

keep them in a good condition (4).
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3.4.5 TRANSPORTATION

The nature of maintenance work requires a lot of travelling, especially in
large organizations. For this reason an adequate number of vehicles is
needed to drop workers and take them back from the work sites.
Transportation has an important effect on maintenance workers’
performance. It also an effect on a decision as to whether maintenance
organization starts to assign groups in remote areas or not (1,4,12,25). These
are some aspects to be considered during the evaluation of transportation

facility:

1. Adequate Number of Vehicles
Availability of enough vehicles is necessary for maintenance personnel to
move from one site to another. Delays in moving laborers will affect their

performance and productivity (1,4,12).

2. Operation & Maintenance
To be sure that vehicles are in good condition, they must be serviced and

maintained adequately (4).

3. Tools & Equipment
Tools and equipment are provided in vehicles to make field work easier and

to minimize travelling and wasted time (1,4).

4. Utilization Reporting
Requirements of vehicles and their equipment is planned within the budget
of the maintenance organization. It is important to recognize and document

their need and economic use (4).
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3.4.6 SUPERVISORY PRACTICES

Supervisors are the first line of maintenance management. They are expert
in their field and carry out the responsibility of directing workers towards
achieving a good quality product in spéciﬁc time. Another responsibility of
supervisors is to help workers, train them, and supervise safety issues in
workshops (1,720,25,30,31). Supervisory practices are composed of the

following factors:

1. Direct Supervision

One of the measures of planning efficiency is the supervision factor, which
directly affects the productivity (12). Direct supervision requires that the
supervisor will spend most of his time with laborers to lead them, instruct,

train and control (7,20,25).

2. Supervisory Responsibilities

Supervisors are responsible for quality of work, evaluating work
performance, guidance of technicians, reporting and documenting variances
between planned and actual hours. Supervisors are responsible management
for their workshops (12,20,25).

3. Training and Safety Programs

As menﬁoned previously in this chapter, it is important for supervisors to
train themselves and identify suitable training for their personnel. Also,
safety is very important issue, so safety should be considered in training and

practices of workshops (4).
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4. Labor and Material Costs
A workshop supervisor is responsible for accounting and documentation of

the cost of maintenance jobs, including the cost of labor and materials
(1,4,7,12).

3.4.7 USE OF CONTRACTS

Maintenance departments can operate their organizations independently or
they can depend partially or heavily on contractors. There are some specific
jobs preferred to be let to contractors and others preferred to be done by
direct maintenance labor according to advantages and disadvantages of each
type. If maintenance jobs are let to contractors some tests should be done
for the contractor laborers to ensure their qualifications. In addition, a
periodical review is to be conducted to evaluate many characteristics such as
quality, flexibility and reliability of that contractor (1,4,6,12,25). For better

use of contracts the following should be considered:

1. Balancing Contracts and In-house Staff

Cost, quality and convenience will be considered when decisions are made
as to whether that the work will be done by contractor or by direct labor. It
cannot be decided till advantages and disadvantages are reviewed for each
type, and the decision depends on the amount and type of work. Choice is
also influenced by the nature of work, volume of work, response time,

location, quality, availability of spaces, market conditions and cash flow

(12).
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2. Contract Administration

The contractor is expected to be professional and expert to manage the
contract. The contractor administrator should be experienced and well
trained (4,12).

3. Contract Performance
Quality assurance requires follow-up and monitoring of the performance of

contractors to achieve the planned objective (4,11,12).

4. Management Evaluation
Evaluation and cost comparison should be made between contract or in-

house maintenance performance to guide management to the right decision
(4,12).

3.5 INFORMATION TECHNOLOGY & APPRAISAL

There should be an easy maintenance management system. Managers and
supervisors must be aware of the system in order to automate data analysis
and forecasting (7). The appraisal component summarizes the information
system features needed for comparing planned with actual results (4).

Elements which build this component are listed below:

e Management Information System (MIS)
e Measurement of Performance
¢ Productivity Measurement

o Information Systems & Historical Records
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e Variance Review

3.5.1 MANAGEMENT INFORMATION SYSTEMS (MIS)

Nowadays management work is becoming complicated, and manual
methods of operation can not accommodate the problems of management
with the volume of today’s business. Maintenance controls, planning,
scheduling and inventory require a Management Information System to be
applied. Information Technology (IT) is used actively for maintenance and
its uses are increasing. In the future it is expected that IT will be utilized to
help to improve every activity of maintenance practice (4,7,9,22,25,27). The
following factors are the most important factors composing a good

Management Information System:

1. MIS Adequacy

There should be clear objective of collecting databases and starting
information system. Also it is important to establish proper procedures and
techniques for the information. Establishment of a Management Information

System is done with reports distributed periodically (4,7,9,12).

2. Report Design and Utilization
Reports should be designed to be accessible and easy to use by all levels of
maintenance management. Planners and schedule makers should be aware

of the system and able to utilize the system to do their jobs (4,7).

3. Facility and Equipment Reports
Historical reports and data can be linked to facility and equipment records.

The stock records need to be accurate and condition-based maintenance is
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automated and analysis of data is programmed using the management

information system (MIS) (4,7,9).

4. Ease of Maintenance Management System
A maintenance management system should be easy to use and clear, since it
will be used for many aspects of maintenance practices. The following

topics will be covered by Information Technology (9):

- Setting maintenance objectives
- Maintenance planning
- Maintenance management resources

- Evaluation of maintenance performance.

Unless the system is workable and easy to use, staff will be stuck in

handling their jobs, affecting the performance badly.

5. Using Expert System
Expert system is a program which contains an interface engine and empty
knowledge base which can be filled. This system can be used as one part of
an integrated system. It helps in some cases, like that an expert system
assures using spare parts in the right places (9). Also expert systems are

used for diagnostics of complex problems (7).

3.5.2 MEASUREMENT OF PERFORMANCE
Performance measuring is a key component of maintenance management
and maintenance management audit (please see 2.1.2 in this chapter).

Performance should be assessed and measured regularly to notice any
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deficiency and conduct improvement actions. The assessment and

measurement should consider the following:

1. Performance Measurement Methods

As mentioned previously in this chapter, performance is measured by many
methods. It is generally not easy to measure maintenance performance.
There are not only quantifiable parameterss but also the quality of the work
performed (4,8,12). The quality of maintenance performance is audited
through four stages (8):

a. Survey of prevailing situation of the influencing parameters.
b. Analysis of conclusions and recommendations
c. Setting of priorities and plan of action

d. Analysis of the cost for justification of the proposed actions.

2. Report Summaries

Reports are very important feedback for management, to review, audit,
improve and to take necessary decisions. Reports of performance are
compared with targets for work force distribution. Also work scheduling

priority and backlog reduction should be reported regularly (4,7,8,25).

3. Engineered Performance Standards
Activity costs of man hours and laborers should be estimated, using work

order forms, and costs of quality should be measured routinely (4,7,25).
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4. Improvement Studies
Improvement studies should be conducted for craft work performance. An
efficiency study will lead to professional recommendations if it coincides

with periodical assessment of the maintenance performance (4,8).

3.5.3 PRODUCTIVITY MEASUREMENT

The productivity of maintenance laborers is one of the most important
factors of maintenance management, as mentioned earlier. Productivity is
measured by reducing unit costs to improve efficiency. It can also be
measured by the quality and volume of a laborers’ output in return for paid
wages. An important factor helping to increase the productivity is the
availability of data and planning the work before starting the execution of
that work (5,8,9,12,21,22). The measurement and study of productivity

include the following:

1. Productivity Study Frequency

Frequent assessment of manpower productivity is one parameter of measures
of performance. The productivity study of any workshop should be
conducted periodically (4,12,25).

2. Work Sampling

The study of productivity measures requires a sampling of representative

parts of work done by the workshops (4).

3. Comparisons
Work sampling can be compared with targeted productivity by breaking

down a job into its components and time of execution of work (4,12).
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4. Improvement Action Plan
After reviewing the reports of the productivity study and doing the
comparisons of targeted with actual productivity an action plan is put

forward to improve the productivity (4,8,12).

3.5.4 INFORMATION SYSTEMS & HISTORICAL RECORDS

Information technology can help maintenance personnel considerably to
store, transmit, process and retrieve data when needed (20). Information
technologies are already used widely in maintenance management (9). The
following records are the main components of information systems and

historical records:

1. Facility History Records

Historical records are very useful for information feedback in the future for
preventive maintenance, problem diagnostics, review of problems,
improvement studies and reports, and budgeting and managerial purposes.
Information technology can be utilized instead of manual filing which
consumes a lot of effort and time. Completed work orders, updated
information, summarized reports should be filed for future needs
(1,4,7,9,12).

2. Equipment History Records

Previous jobs and maintenance work (both corrective and preventive) are
important to document. Historical information is needed in detail especially
for equipment, since its failure can cause a lot of inconvenience and cost.
Also instructions of how to operate and maintain equipment, drawings and

manuals are necessary to keep in a record (1,4,7,9,12).
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3. Spare Parts Information

Parts information should be available, understood and accessible. It is very
important to keep catalogues and manuals provided by suppliers are very
important to keep them in files. Parts information should also be linked to
equipment records for ease of replacement. Usually they are stored
according to suitable stock orders to reach them as they are needed
(1,4,7,9,12).

3.5.5 VARIANCE REVIEW

The management information system is utilized to compare actual with
planned practices. Continuous evaluation and auditing of a maintenance
system helps in reviewing the variance and recommending suitable
suggestions and plans for improvement actions (4,6). The variance review

includes the review of the following:

1. Variance Review Policy

Current practices are reviewed and compared with planned activities (4).
The good planning of the work will result in less variance between actual
and planned work. The variance review policy will result in good feedback

of information to the maintenance management.

2. Review of Responsibilities

Responsibilities and duties are reviewed according to determined parameters
defining subjects and guidelines for these reviews. Also supervisors’ and
managers’ responsibilities are reviewed and variances between their planned

and actual activities and responsibilities are studied and reviewed (4).
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3. Variance Records
To reduce the recurrence of variance between planned and actual activities,
records and data are used and studied to recommend and take a decision on

the suitable action (4,6,8,13).

3.6 MATERIAL MANAGEMENT

Parts and materials should be available, ready to use and accessible when
needed. The inventory is reviewed regularly to get rid of obsolete and
unused materials. Management should be systematic in issuing purchase
orders for materials and spare parts (7). Elements comprising this

component are as under:

Parts & Material Availability

Store Room Operation

Tools & Material Management Using Information Technology

Inventory Functions & Costs

3.6.1 PARTS AND MATERIAL AVAILABILITY

Spare parts and material are considered to be available but at the same time
it is not right to store more than is needed. If good inventory techniques are
used, no excess need material will be in the stock (1). The following three

factors are related to the parts and material availability:

1. Stock Outs
Material should be always available for continuous service. It is assumed

that stock outs orders are less than 3% of orders placed (7).
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2. Inventory Review

The inventory management is responsible for material storing, availability,
place of storage, methods of storage and when economic purchase orders are
to be issued (20).

3. Work Order Scheduling
Before scheduling any work, planners and schedule makers should be sure
that needed materials are available. For a large project or overhaul works

materials are reserved prior to start of the work (1,4,12).

3.6.2 STORE ROOM OPERATION

When talking about the storeroom operation many parameters are
considered, such as: storeroom security, safety, procedures systems, and
material management (4,6,7). These important factors are briefed as

follows:

1. Store Room Control Procedure

Nowadays, the materials purchased by maintenance organizations are many
and from different types of trades. To control the material, information
technology can help in automation of more and more production of
equipment and material. Also it is an objective of maintenance management
to get the maximum service level with minimum spare parts which can be

achieved by better control of material resources (6,9).

2. Security and Accessibility
The storeroom for each workshop should be in a secure place and accessible
to the shop (1,4).
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3. Safety of Stock
The first consideration of maintenance management activities is safety, such
as storing materials in safe places. Flammable, hazardous material and

health harmful materials are given special attention in storing and handling
(1,8,20).

4. Salvage and “Bench Stack” Controls
Material control requires a continuous salvage program integrated with
inventory management. There should be categorization of materials and

numbering according to stocks (1,4,32).

3.6.3 INVENTORY FUNCTIONS AND COSTS

“Inventory is broadly defined as any stock of economic resources that are
idle at a given point in time” (33). The objective of material management is
to reduce inventory to the lowest possible level. The cost criteria in

inventory management are covered by the following (1,33):

1. Ordering Costs
The order cost is counted in terms of cost per order, and the costs include
purchase order, transportation, receiving, inspection, placing in storage,

auditing and payment to suppliers (1,33).

2. Carrying Costs
Carrying costs are the costs of holding a stock of material on hand. It is

counted as the cost of carrying one unit of inventory for one year (1,33).
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3. Shortage Costs
These are the stock out costs. It happens when the needed quantity of
materials exceeds the supply of material in hand. This requires a back order

demands and costs for the delay accrued because of shortage of materials
(1,33).
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Table 3.1 Key Elements of Maintenance Management Auditing

First Component: Organization & Human Resoures

No. Questions

A. | Organization Structure

1. | Availability of organization chart

2. | Availability of function statements for all components which define roles, authority &
responsibility

3. | Job description for each position

4. | Data updating procedure

B. Policies, Rules and Services

Availability of general policies and objectives documentation

Complete services organization clearly defined

W=

Availability of active updating procedure

C. | Work Control Center Functions, Staffing

Clear work control responsibilities.

Effectiveness evaluation and review

Work reception staff training

Planning staff sufficiency

bl Fod Bad e fa

Establishing of data analysis for management use

D. | Shop Organization

Availability of documented shop functions

Clear related crafts relationships

WIN =

Effectiveness review and evaluation

E. Shop Supervision & Planning Functions

1. | Multi-craft job coordination
2. | Supervision coverage adequacy
3. | Establishment of planning functions to support shop suwpervisors

F. First Line Supervision & Responsibilities

1. | Ratio of supervisors to_craft workers
2. | Availability of adequate support staff

3. | Labor productivity follow-up

G. | Training

1. | Technical training

Productivity training

3. | Management training

H. Motivation

1. | Conducting a climate survey
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No. Questions
2. | Annual turnover due to quits and discharges of laborers
3. | Employees’ financial motivation
4. | Employees’ awards and recognition
5. | Less barriers between labor and management

Second Component: Work Load Identification & Performance Measures

No. Questions
A, Facility Condition Inspection
1. | Availability of inspection staff
2. | Availability of documented inspection scheduling
3. | Conducting maintenance & repairs based on inspection
B. Work Request Procedure
1. | Availability of work order system
2. | Availability of documented procedure
3. | Information feedback to requester
C. Relationship Between Sections
1. | Personnel understanding of their work relationships
2. | Job description of each section
3. | Team work assignment for the same jobs
D. Preventive Maintenance (Equipment)
1. | Planned preventive maintenance
2. | Accomplishing preventive maintenance work within 10% of schedule
3. | Periodically reviewing equipment history records.
E. Service Work
1. | Classifying service work separately from other work
2. | Clearly documenting processing procedure of service work
3. | Conducting work load analysis
F. Routine, Recurring Work
1. | Classifying recurring work to be controlled separately
2. | Reporting standing work order scheduling & performance weekly
3. | Cost estimation of recurring work
G. | Work Requirements Documentation
1. | Establishing prioritization of all work
2. | Summarizing jobs by status
3. | Reviewing work load periodically
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Third Component: Work Planning & Scheduling

No. Questions

A. Priority System

1. | Documentation & distribution of priority criteria

2. | Appropriateness of priority criteria

3. | Consistency of priority criteria

B. Work Classification and Weekly Schedule

1. | Work Classification for all tasks

2. | Developing and implementing work processing procedure

3. | Weekly scheduling for conducting work

C. | Alterations and Improvement Work

1. | Classifying alterations and improvement separaely from maintenance work

Processing and programming of work separately from maintenance

3. | Distribution of work force within a planned target

D. Budget Requirements for Maintenance and Repairs

1. | Planning annual maintenance budget

Cost reporting & budget documentation

3. | Formally identifying and presenting longrange requirements for renewals and replacement
to financial managers

E. | Budget Execution Plan

1. | Establishing periodic budget execution planning

2. | Identifying work types in he budget plan.

3. | Controlling budget against expenditure

F. | Backlog of Funded Work

1. | Defining accepted and applied backlog

Backlog summaries of approved work

3. | Backlog reports review and analysis

G. | Emergency Work & Shutdown Scheduling

Minimizing emergency work occurrence

Standard time assessment for specific jobs

Shutdown scheduling and planning

el ead 104 Fan

Long term plans
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Fourth Component: Work Accomplishment

No.

Questions

A.

Shop Scheduling & Planning Procedure

Establishing weekly scheduling

Documenting & reviewing scheduling procedures weekly

Performance within +10% of planned works

bl Rad 1o fon

Shop planning support availability

Craft and Material Availability

Craft distribution planning for shop workforce

Work ordering scheduling for craft hours

Material scheduling for individual work orders

bl Rl b

Material and equipment availability

Maintenance Process Re-Engineering

Designing Key maintenance processes

Work process automation

Quality cost measuring

el bad i ad fa

Establishing performance indicators

Shop, Spaces, Tools & Equipment

Shop space adequacy

Tools and equipment adequacy

Maintenance of conditions in shops and facilities

Transportation

Adequate number of vehicles for maintenance transportation

Adequate operation & maintenance of vehicles

Tools availability

Supervisory Practices

Spending high enough percentage of supervisor’s time on direct supervision

Clear supervisory responsibilities

Identifying training & safety programs by supervisors

Rl Bad 2 b

Labor and material cost estimation

Use of Contracts

Balancing contracts and in-house staff

Contract administration by experienced and trained personnel

Monitored contract performance

had Bl £l b

Frequent management evaluation and comparisons between contract and irthouse
performance
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Fifth Component: Information Technology & Appraisal

No.

Questions

A.

Management Information Systems (MIS)

Maintenance of MIS adequacy

Report design and utilization

Facility and equipment reports

Easy to use maintenance management system

bl B bad 0 o

Using expert systems

Measurement of Performance

Using performance measurement methods

Report summaries preparation

Using engineered performance standards to estimate labor hours on work orders

b Rad Lol fan

Conducting improvement studies

Productivity Measurement

Frequent productivity studies

Conducting work sampling of representative shop workforce

Comparisons of various categories of work

ol Rad I o

Conducting improvement action plan

Information System & Historical Records

Auvailability of facility history records

Availability of equipment history records

Spare parts information

ool bl o o

Computerized inventory system

Variance Review

[a—y
.

Review policy for variance between planned and actual activities

Establishing parameters and guidelines for conducting these reviews

Variance records and periodic review
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Sixth Component: Material Management

No. Questions
A. | Parts & Material Availability

1. | Periodic inventory review

2. | Documentation of material used on work order sheet.

3. | Spare parts availability
B. Storeroom Operation

1. | Storeroom control procedure and record system

2. | Security and accessibility

3. | Stock Safety

4. | Integration of salvage and “bench stock™ with inventory control
C. Inventory Functions and Costs

1. | Purchase orders cost management

2. | Materials handling cost management

3. | Materials stock out cost management
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CHAPTER IV

RESEARCH METHODOLOGY

40 INTRODUCTION

This chapter presents the research methodology, questionnaire design and
population utilized to achieve the main objectives of the study. The first
objective of reviewing current local and international practices of building
maintenance management auditing and the second objective of identifying
and assessment of affecting factors were achieved by a review of literature,
interviews and pilot study. The result of this was the identification of factors
listed in the developed distributed questionnaire to assess factors which
should be considered for building maintenance management auditing. The
third objective of reviewing factors affecting auditing of maintenance
departments in large organizations in Saudi Arabia with their ranking was

achieved by the survey conducted on governmental and private sectors.

The fourth objective of developing suitable maintenance auditing guidelines
for organizations in Saudi Arabia was achieved by the results and data
analysis. The result of this was the development of a auditing form for
building maintenance management. Research methodology is summarized

in Figure 4.1. (p.73)
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41 IDENTIFICATION OF FACTORS AFFECTING
MAINTENANCE AUDITING

The study on assessment of factors affecting maintenance management

auditing in Saudi Arabia was conducted in two phases:

Phase I: Literature Review: In this phase factors affecting auditing of
maintenance were identified from the literature on the subject

such as books, journals and standards.

PhaseIl:  Visits and interviews were conducted with maintenance
managers, engineers and experts in large organizations in Saudi
Arabia to get more ideas and concepts about the investigated

factors.

4.2 QUESTIONNAIRE DESIGN

The questionnaire was designed in such a way to be simple and easy to
understand by the respondents. The design of the questionnaire included
open blocks for additions, changes or remarks by the respondents. It was
formulated using references as mentioned in the Review of Literature
(Chapters 2,3). The elements and components in the questionnaire
developed by Applied Management Engineering, PC and Harvey H. Kaiser
(1991) were used, with some édditional elements from other resources
(4,6,7,13,25).

The questionnaire was constructed in two parts:
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Part I : General Information

This general information is to give an idea about the surveyed organization
(Private sector/Public sector):

Organization Name

Respondent Name

Position

Experience

Primary function

Number of employees in the organization

Number of employees under respondent’s supervision

Auditing of maintenance management

O ¥ NN -

Frequency of maintenance management auditing

y—
e

Type of auditors conducting the audit task

Part I1 : Technical Information
This section lists the main components and the factors which affect the
maintenance management auditing and blank blocks were left for any

changes or remarks by the respondents, (See Appendix B.)

4.2.1 SCORING

The first part of the questionnaire is about the organization itself, so no score
was given on that part. In the second part, the importance of affecting
factors on maintenance auditing, a score was assessed and considered. The

following options were given in each question:
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» Extremely Important =
s Important =
» Moderate =

» Little Important =

O = N W N

» Not Important =

43 POPULATION
The questionnaire was sent to the following sectors in the eastern province
of Saudi Arabia:

A. Maintenance departments in large facilities of governmental sectors.

B.  Private Sector companies that have maintenance departments to
maintain their own large facilities, or classified as buildings
maintenance contractors.

To obtain a statistical sample representation of the total population, the

proposed equation was used, (34).

N = n n' = s?
(1+n'/N) V2
where:
n = Sample size
N = Size of finite population,
n' = The value of organization distribution
¢ = The maximum variance estimate.
This is estimated by

=P (1-P
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P = The proportion of the population.

The maximum value is chosen as P =0.5.

vV = Standard deviation of the sampling distribution
V =0.05 is a reasonable value.
Applying the above formula on the governmental organization

of 50, the sample size will be

N = 0.5 = 100 andn =100 =33.33
(0.05)° 1+100/50

Similarly when the formula is applied to the 50 private organizations, the

minimum required sample n = 33.

The minimum response rate = 33 x 100 = 66%
50

However, the response rate for the government organizations was

(25 ) x100=175.76%.
33

Also the actual response rate for the private organizations was

(22 )x 100 =66.67%,
33

which are reasonable sample sizes.
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ANALYSIS METHODOLOGY

The average score for each factor was determined and importance

index.

The data collected were analyzed utilizing statistical analysis systems

(SAS) and results were presented in tables and graphs

Factors were ranked according to their higher importance index

utilizing statistical analysis systems.



Assessment of Factors Affecting
Auditing of Maintenance Organizations

in Saudi Arabia

l

W
Literature Review Reviewing Current Practices
of Maintenance Management
Auditing
v T v
Pilot Study
Assessment of Factors
Affecting Auditing of
Maintenance Organizations

v

Achievement of First and Second Objectives

i

Governmental and Private
Agencies Survey

i

Objective Number Three
Achievement

i}

Results and Analysis

VY

Objective Number Four
Achievement

vY

Summary and Conclusion

Fig. 4.1 — Research Methodology Flow Chart

73



74

CHAPTER V

ANALYSIS AND DISCUSSION OF THE RESULTS

5.0 INTRODUCTION

In this chapter analysis and results of the questionnaire survey are presented.
The questionnaire was designed to get general information about
respondents and their organizations and to assess the degree of importance
of factors affecting building maintenance management in Saudi Arabia. The
questionnaire was distributed to most of the known large organizations in the
Eastern Province of Saudi Arabia. Personal visits and follow up to most of

them were conducted to assure completion of the questionnaire.

51 MAIN COMPONENTS OF THE QUESTIONNAIRE ANALYSIS
AND RESULTS

The results of this study were generated from responses received from

maintenance departments in both public and private sectors. The structured

data was summarized by calculating frequencies, means, standard deviations

and ranks. The components of the questionnaire consist of the following:

Part One: General Information
1.  Organization Name

2 Department Name

3.  Respondent Name
4

Position of the respondent in the Organization
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Years of experience of the respondent in maintenance management.
Nature of the organization (either private or governmental).
The main function of the organization

Number of employees in the organization

© % N oW

Number of employees in the maintenance department of the
organization

10. Operation and maintenance work partially or completely contracted
11.  Types of contracted operation and maintenance activities

12. Whether maintenance management is audited or not

13.  Frequency of auditing if maintenance management is audited

14.  Who normally performs the audit

Part Two: Technical Information
Factors affecting maintenance management auditing are categorized into six
main components. Each component consists of a number of factors and

sub-factors. These components are as follows:

Information technology and appraisal

1.  Organization and human resources

2.  Workload identification and performance measures
3.  Work planning and scheduling

4.  Work accomplishment

5.

6.

Material management

The complete questionnaire is shown in Appendix, B.
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5.2 DATA ANALYSIS

5.2.1 PART ONE: GENERAL INFORMATION
The first part of the questionnaire consists of fourteen questions. The first
three questions are optional. The remaining eleven questions are in a

multiple choice format.

1. Name of the Organization

The respondents were given the option of writing the name of their
organization. The survey indicated that fifteen out of forty-seven (31.9%) of
the total respondents provided their organization’s name, as shown in Fig.
5.1.

2. Department Name

The respondents were given the option of writing the name of their
department. The survey indicated that eight respondents (32%) from the
governmental sector mentioned their departmental names. On the other
hand, seven respondents (31.8%) from the private sector mentioned their
departmental names. It was noted that those who wrote their organizational
names were the same people who mentioned their departmental names, as

shown in Fig. 5.1.

3. Respondent Name

The respondents were also given the option of writing their names. It was
noted from the meetings and from completed questionnaires that most of the
respondents did not like to mention their names. Three respondents (12%)

wrote their names from government organizations, while six (27.3%) of the
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respondents from the private sector mentioned their names, as shown in Fig.
5.1.

Percentage

Organizations's Name  Department's Name Respondent's Name

BGOVT mPVT

Fig. 5.1 — Mentioned Organizations, Departments & Respondents Names

4. Position of the Respondent

This question shows the position of each respondent in the maintenance
department of the organization. The survey indicated that fifty-one (51%) of
the respondents (24 out of 47) who attempted to answer the questionnaires
were classified as engineers or architects. From these twenty-four
respondents, fifteen (60%) were from the governmental sector and nine
(40.9%) were from the private sector. Also, sixteen managers responded to
the questionnaire or thirty-four percent (34%). Eight out of these sixteen
managers (32%) were from the governmental sector while the other eight
(36.4%) were from the private sector. Also, six supervisors responded to the

questionnaires. Two (8%) of them were from the government sector, while
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one respondent from the private sector held another position, as summarized
in Fig. 5.2.

Percentage

Auditor Engr/Architect Mgr Supr Others

l- GOVT mPVT. ]

Fig. 5.2 - Positions of the Respondents

5. Years of Experience

The study considers the years of experience of the respondent in
maintenance management in the organization. The years of experience were
classified in this question into four categories, as follows: One to five years,
six to ten years, eleven to fifteen years and more than fifteen years. It was
found in the survey that twenty-three percent (23%) of the respondents (11
out of 47) had one to five years experience in maintenance work. Twenty six
percent (26%) of respondents (12 out of 47) had six to ten years experience.
Thirty-four percent (34%) (16 out of 47) of the respondents had eleven to

fifteen years experience, and about seventeen percent (17%) (8 out of 47)
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had more than fifteen years experience in maintenance work, as summarized

in Fig. 5.3.

Percentage

1-5 6-10 11-15 15 Above

|-GOVT. mPVT. |

Fig. 5.3 — Years of Experience in Maintenance Work
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6. Nature of the Organization

This question was provided to find out the nature of the organization of the
respondent, whether it is government or private. The survey indicated that
twenty-five out of forty-seven respondents (53.2%) were from the
government sector, while the other twenty-two (46.8%) were from private

organizations, as shown in Figure 5.4.

Figure 5.4 — Nature of Respondent’s Organization

7. Main Function of the Organization

This question dealt with the function of the organization. Different
organizations perform different types of maintenance work. The main
functions were classified into commercial, industrial, healthcare,
educational, and others to be specified by respondents. The survey indicated
that twenty-eight percent (28%) of the respondents belonged to commercial
organizations, seventeen percent (17%) were from industrial organizations,

thirteen percent (13%) from healthcare organizations, the same (13%) from
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educational organizations and the remaining thirty percent (30%) from other

organizations, such as services organizations in most cases, as summarized
in Fig. 5.5.

Percentage

Commercial Industrial Healthcare Educational Others

|GOVT. mPVT. |

Fig. 5.5 — Main Function of the Organizations

8. The Number of Organization Personnel

This question provided the number of organization personnel. The number
of employees in the organization reflects the volume of maintenance work in
the organization. The survey indicated that seventeen percent (17%) of the
respondents were from organizations having up to one hundred employees,
eleven percent (11%) from organizations having between 101 — 200
employees, thirteen percent (13%) from organizations which have 201 — 300
employees, two percent (2%) from organizations having 301 - 400
employees, and another two percent (2%) from organizations in which there

are 401 — 500 personnel, while twenty-six respondents (55.3%) were from
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organizations having more than five hundred employees, as shown in Figure
5.6.

60
50 [
40

20 .

Percentage

10 S

. Y ]
| L

401-500 500 Above

1-100 101-200 201-300 301-400

@ GOVT g PVT

Fig. 5.6 — The Number of Organization Personnel

0. The Number of Maintenance Department Personnel

The number of maintenance department personnel is very important for this
study. The number of maintenance employees reflects the volume of work
performed by the maintenance department and by direct laborers in the
maintenance department. The survey indicated that around four percent
(4%) of the respondents have 11 — 20 employees in their "maintenance
departments. The same percent (4%) came from respondents having their 21
— 30 employees in their maintenance departments. Around eleven percent
(11%) of the respondents had 41 — 50 employees. The majority of
respondents (79.1%) have more than fifty employees in their maintenance

departments. One respondent didn’t indicate the number of personnel in the
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maintenance department of his organization. The results are summarized in

Figure 5.7.

100 §
90 (R
80 1R

70 IR
60 AT

50
40 &
30 §
20
10 |8

Percentage

1-10 11-20 21-30 31-40 41-50 50 Above

|-GOVT. mPVT. |

Fig. 5.7 — Number of Personnel in Maintenance Department
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10. The Execution of Maintenance Work

In this question, forty-six respondents (24 respondents from government
sector and 22 from private) indicated whether some or all maintenance work
was contracted. It was found that eighty percent (80%) of the respondents
indicated that operation and maintenance work was partially or completely

contracted, as shown in Figure 5.8.

([ [ —
80 .

60

Percentage

Contracted Direct

|.GOVT mPVT |

Fig. 5.8 — The Execution of Maintenance Work

11. Operation & Maintenance Contracted Activities

It was expected that some organizations would employ outside contractors to
maintain their facilities, while others would contract some types of
operations and maintenance, such as electrical, mechanical, and cleaning,
and retain other work in-house. The survey indicated that around fifty-one
(51%) of the respondents contracting all or some maintenance work conduct
all operations and maintenance work through contractors, nineteen percent

(19%) of respondents use contractors to repair and maintain major plants,
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while the remaining 30% employ a combination of contracted and in-house

operations and maintenance as follows:

¢ 2.1% of the respondents contract for maintaining horticultural work.

¢ 4.3% of the respondents contract for cleaning work.

¢ 4.3% of the respondents contract specialized equipment maintenance.

¢ 2% of the respondents employ contractors for other purposes.

It was also noticed that some maintenance departments do not conduct

agricultural work while others are not responsible for cleaning work, as

summarized in Fig. 5.9.
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All Activities Elect/Mech Major plant Horticulture  Cleaning Specl. Others
Equpt.

Percentage -

|.GOVT -PVT|

Fig. 5. 9 — Contracted Operation & Maintenance Activities
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12. Maintenance Management Auditing

This question provided the information as to whether the maintenance
management was audited. It was found that twenty nine (61.7%) of the total
respondents audit their maintenance management. The survey indicated that
twelve out of these twenty nine (41.4%) of the respondents conducting the
auditing belong to government organizations, while the remaining (58.6%)

are from private organizations. The results are summarized in Fig. 5.10.

100

90 cr

60 18 ’?‘ A
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20 8

10

Percentage

Audited Not Audited

|.GOVT -PVT|

Fig. 5. 10 — Maintenance Management Auditing

13. Frequency of Maintenance Management Auditing

It is important to know the frequency of auditing in departments that conduct
auditing. In the questionnaire, respondents were asked to select one of four
categories: once a year, twice a year, more than twice a year, or others which
should be specified by the respondents. It was found in this survey that

twenty nine respondents (61.7%) conduct the auditing. Sixteen respondents
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(55%) of these organizations conduct auditing once a year, four of them
(13.8%) conduct auditing twice a year, three respondents (10.4%) audit their
maintenance management more than two times per year, and six respondents
(20.7%) do the auditing with another frequency, such as in urgent cases or in
irregular frequencies as respondents mentioned. The resuls are summarized
in Fig. 5.11.

Percentage

Once a Year Twice a Year More than twice a year Others

EGOVT. mPVT.

Fig. 5. 11 — Frequency of Auditing

14. 'Who Performs the Audit

From the literature review and from received answered questionnaires it was
found that the audit can be conducted by internal auditors, external auditors,
consultants, or a team of consultants with some internal auditors or expert
managers from the same department. It was found that twenty nine out of
forty-seven organizations conduct the auditing (12 Government, 17 Private
sector). The survey indicated that most organizations conduct auditing
through internal auditors, with the highest percentage (58.6%), followed by

consultants (20.6%), then by external auditors (13.8%), while seven percent
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(two respondents out of twenty nine) conduct the audit in other ways. In
these two organizations the audit is done by their own engineers or a
committee from both internal directors and external consultants, as shown in

Fig. 5.12.

50 el |
40
N
20 {8
10 1

Percentage

internal Auditors External Auditors  Consultants Others

@ GOVT. mPVT.

Fig. 5. 12 — Types of Auditors in Organizations Conducting Audit

5.2.2. PART TWO: FACTORS AFFECTING BUILDING
MAINTENANCE MANAGEMENT AUDITING IN
SAUDI ARABIA

The second part of the questionnaire consists of six major components which

contain the factors and sub-factors that affect the auditing of building
maintenance management in Saudi Arabia. These factors and sub-factors
were given criterion values ranging from extremely important (4) to not
important (0). The respondents were asked to choose the most appropriate
answer that describes the view of maintenance management in his
organization, as follows:

e Extremely Important 4

e Important 3)



e Moderately Important

e Little Important
e Not Important

@)
(1)
(0)
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Many approaches can be used to specify the mean ranges, but a similar

approach to that of the KFUPM students’ GPA scale was used in this

research, as follows.

Excellent 35 <
Very good 2.75 <
Good 1.75 <
Pass 1.0 <
Fail

Average value <
Average value <
Average value <
Average value <
Average value <

4.0
3.5
2.75
1.75
1.0<

The mean ranges were specified and an importance index was given to each

criterion, as shown and explained in Table 5.1.

Table 5.1 —Mean Value and Importance Index Ranges

Scale Description Mean Range Importance Index (%)
Not Important Less than 1.00 II.<25
Little Important 1.00 — less than 1.75 25 <I1.I.<43.75
Moderately Important 1.75 — less than 2.75 43.75 <1I.<68.75
Important 2.75 — less than 3.5 68.75 <I.I. <875

Extremely Important

3.5-4.00

87.5<I1I1.<100
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Ext. Imp. Important

Mod. Imp. | Not Very Imp

Not Imp.

3.5 2.75

1.75 0.99

The above ranges were used to measure each variable.

The importance

indices were calculated for each variable using the following formula:

The Importance Index (II)(%) = 4(n;) + 3(ny) + 2(n3) + 1(ny) + 0(ns) X 100
4(n1+n2+n3+n4+n5)

Factor affects building maintenance management system in the organization

1S:

Extremely important
Important
Moderately Important
Little Important

Not Important

Main Components Ranking

875 <
68.75 <
43.75 <

250 <

I
I
II
II
I

ANANANNA

100
87.5
68.75
43.75
25.0

The importance index for each component of factors affecting building

maintenance management auditing was calculated and ranked with its

importance index, as shown in Table 5.2.
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Table 5.2 — Ranking of Major Components Affecting Auditing of
Building Maintenance for Total Samples

Rank Component Importance | Ordinal
Index Scale
1. | Organization & Human Resources 77.44 Important
2. | Material Management 74.31 Important
3. | Work Planning & Scheduling 73.84 Important
4. | Work Accomplishment 73.72 Important
5. | Information Technology and 73.54 Important
Appraisal
6. | Work Load Identification and 72.93 Important
Performance Measures

Details of importance indices and ranking for these six major components

for each organization type is shown in Tables, 5.9-1 —5.11-6.

Factor Ranking

The average mean value for each factor is calculated, then the 37 factors are
ranked. Such factor as scored the highest importance index is ranked as
No.l. The ranked factors affecting building maintenance management are
summarized in Table 5.3. For the summary of each factor and sub-factor’s

mean and importance index value see Tables 5.5, 5.9, 5.12 and Appendix A.
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5.2.3 RANK CORRELATION

To find the relationship among components and factors, a correlation
coefficient (r) is used. A correlation coefficient equal to (-1) when there is a
perfect negative relationship. On the other hand, variables with a perfect
positive relationship have a correlation coefficient equal to (+1).
Accordingly, the amount of correlation between two variables varies from

(-1) to (+1). The Spearman correlation method (37) is used in this study.

The Spearman Correlation
To find and compare how two parties may agree, the Spearman Rank

Correlation is used.

r=1-6%d
n (n>-1) (34,35)

where:
r = Rank correlation coefficient
d = difference between ranks on one variable and the other variable.

n = Number of cases

Ranking comparison and Spearman Rank Correlation is shown in Tables
54-5.6.

Example:
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To find the agreement between governmental and private parties on ranking

of factors:
I3 = 1-[6x2361/(37x(37-1=0.72

The Spearman Correlation Coefficients show the agreement between all
three groups since all values of the Spearman Correlation Coefficient are
positive. The agreement ranges from the high agreement to the lower one.
The highest agreement is found between the total samples and private
organizations. r = 0.93 and for 37 factors. Also, it is found that the second
highest agreement is between the total samples and governmental

organizations, where r =0.91

The lowest agreement is between the governmental and private
organizations where r = 0.72 for factors affecting building maintenance

management auditing.

Test of Hypothesis for Factors
The “t” test is used to find the agreement between the total samples, the
governmental and private organizations at confidence of 95%. The

calculated value of ‘t’ is compared with critical ‘t’ value, as below:

1.  Thenull hypothesisHo:r=0,Hn:r=0
The null hypothesis assumes that parties do not agree on the ranking.

2. The calculated value of ‘t’:

t=[n-2)xr*/(1-)]* (34,35)
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where :
r= the Spearman Correlation Coefficient

n= number of questions (number of factors in this study)

3. The critical value

From ‘t’ distribution table, ‘t’ value for n = 37 is 2.027 at confidence
of 95%.

4.  Decision
Comparing the critical ‘t’ value from distribution table with calculated
‘t> values for the compared groups, it is found that the calculated ‘t’
values are greater than critical ‘t’ for all factors, as shown in Table
5.6, therefore the null hypothesis is rejected for ranking of factors
affecting the auditing of maintenance management and all parties

agree on the ranking.

Test of Hypothesis for Main Components

Since the governmental and private organizations agree on ranking factors
affecting building maintenance management, the agreement includes ranking
of major components of these factors, However, another test is conducted

to assure the agreement, as shown in table 5.8.

In this test, the following formula is used:

= X, - X, (35)
SQRT [S;*/n; + S;%/n, ]
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Xy = The mean value of the first population

X, = The mean value of the second population

S, = The standard deviation of the first sample

S, = The standard deviation of the second sample.
n = Number of observations in the first sample

n = Number of observations in the second sample.

The steps to test a hypothesis are the following:

1 State the null and alternate hypothesis.

2 A significance level specification.

3. A decision rule determination

4 Sample data obtaining, calculation of necessary statistics, and

- decision making.

In this case for o = 0.05 at 95% confidence.

t, = X, = X, (35)
SQRT(S,%/m, + S,*/ny)

t-table : tgos = 1.96

It is found that all calculated ‘t’ fall in the range —2.016 <t < +2.016 except

t-value for the planning and scl:heduling component where tc =-2.18.
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Decision:

The government and private organizations agree on the ranking of the main
components of factors affecting building maintenance management except
for the work planning and scheduling (tc = -2.18). Work planning and
scheduling is given more consideration by private organizations because it
affects directly their budgeting and finally the income which is main
objective for these organizations. Achieving successful work planning and
scheduling helps the private organization to achieve its mission and satisfy
its customer requirements, consequently guarantees continuation of the

business.



Table 5.3 - Summary of the Ranked Factors
Affecting Building Maintenance Management (Total Samples)
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Rank| Factor Mean Importanc-e Ordinal
No Question Value Index Scale
1 [C2-B JWork Request Procedure 3.37 84.25 |Important
2 _|C1-C Work Control Center Functions, Staffing 3.28 82.00 |Important
3 IC6-A Parts & Material Availability 3.27 81.75 |Important
4 1C1-A |Organization Structure 3.26 81.50 JImportant
5 _|C3-D _|Budget Requirements for Maintenance & Repairs 3.2 80.00  JImportant
6 [JC2-C |Relationship Between Sections 3.16 79.00 JImportant
7 {C1-B [{Policies, Rules and Services 3.16 79.00 |Important
8 ]C4-F {Supervisor Practices 3.15 78.75  |Important
9 ]C2-A [JFacility Condition Inspection 3.13 78.25 {Important
10 |C3-G Eniergency Works & Shutdown Scheduling 3.11 77.74  JImportant
11 ]C4-B |Craft and Material Availability 3.10 77.50  |Important
12 |C2-D |Preventive Maintenance (Equipment) 3.10 77.50  |Important
13 JCI1-F [First Line Supervision'& Responsibilities 3.10 77.50  |Important
14 |C3-E _|Budget Execution Plan 3.10 7744 |Important
15 |c5-D |mformation System & Historical Records 3.09 77.25 |}Important
16 ]C6-B |Storeroom Operation 3.07 76.75 HPmportant
17 |C1-G |Training 3.06 76.50  |Important
18 IC1-D |Shop Organization 3.05 76.25 |Important
19 |C4-G ]Use of Contracts 3.03 75.75 |Important
20 |C1-H ]JMotivation 2.96 74.00 |Important
21 |C5-C |Productivity Measurement 2.97 74.25 |Important
22 |C4-D [Shop, Spaces, Tools & Equipment 2.92 73.00 {Important
23 |C5-B |Measurement of Performance 2.95 73.75 |Important
24 |C5-A |Management Information System (MIS) 2.94 73.50 jImportant
25 |ca-E_|Transportation 291 7275 |important
26 |C2-G |Work Requirements Documentation 2.91 72.75 |Important
27 ICI-E _|Shop Supervision & Planning Functions 2.84 71.00 }Important
28 [C3-A |Priority System 2.87 71.75  }Important
29 |C3-C JAlterations and Improvement Work 2.85 71.25 jImportant
30 _|C4-A |Shop Scheduling & Planning Functions 2.8 70.00 |Important
31 JC4-C [Maintenance Process Re-Engin:ering 2.82 70.50 Jimportant




Table 5.3 (Contd) - Summary of the Ranked Factors
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Affecting Building Maintenance Management (Total Samples)

Rank| Factor Mean Importancel Ordinal
No Question Value Index Scale
32 |C3-B [Work Classification and Weekly Schedule 2.76 69.00  |Important
33 JC3-F_|Backlog of Funded Work 2.732 68.30 [Moderately Important
34 |C5-E |Variance Review 2.73 68.25 |Moderately Important
35 JC6-C ]Inventory Functions and Costs 2.56 64.00 [Moderately Important
36_JC2-F_ JRoutine, Recurring Work 244 61.00 |Moderately Important
37 |C2-E [Service work 2.31 57.75 [Moderately Important
297 74.36

C1 = First Component
C4 = Fourth Component

C2 = Second Component
C5 = Fifth Component

C3 = Third Component
C6 = Sixth Component
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Table 5.4 - Summary Table of the Ranked Factors Affecting the Audit

) ) €))
No. Factor Total Govt. Private
Samples | Organizations| Organizations
Ranks Ranks Ranks
First Component: Organization & Human Resources
1 {Organization Structure 2 6
2 [JPolicies, Rules and Services 6 10
3 [Work Control Center Functions, Staffing 3 4
4 |Shop Organization 18 8 25
5 |Shop Supervision & Planning Function 27 29 30
6 |JFirst Line Supervision & Responsibilities 13 12 13
7 |Training 17 19 12
8 [Motivation 20 27 17
Second Factor: Work Load Identification & Performance Measures
9 [Facility Condition Inspection 9 5 14
10 |Work Request Procedure 1 1 1
11 JRelationship Between Sections 6 7 9
12 |Preventive Maintenance (Equipment) 12 11 15
13 |Service Work 37 37 37
14 JRoutine, Recurring Work 36 36 36
15 |Work Requirements Documentation 26 31 21
Third Factor: Work Planning & Scheduling
16 |Priority System 28 17 33
17 [Work Classification and Weekly Schedule 32 33 27
18 JAlterations and Improvement Work 29 30 26
19 |Budget Requirements for Maintenance and Repairs 5 10 3
20 |Budget Execution Plan 14 20 8
21 |Backlog of Funded Works 33 35 20
22 |Emergency Work & Shutdown Scheduling 10 22 5
Fourth Factor: Work Accomplishment
23 _|Shop Scheduling & Planning Procedure 29 32 29
24 [Craft and Material Availability 11 9 16
25 [Maintenance Process Re-Engineering 31 24 32
26 |Shop, Spaces, Tools & Equipment 22 23 28
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Table 5.4 - Summary Table of the Ranked Factors Affecting the Audit (Contd)

) ) &)
No. Factor Total Govt. Private
Samples | Organizations | Organizations
Ranks Ranks Ranks
27 |Transportation 25 15 31
28 |Supervisory Practices 8 14 7
29 |Use of Contracts 19 16 23
Fift Factor: Information Technology & Appraisal
30 |Management Information System (MIS) 24 25 22
31 ]Measurements of Performance 23 26 19
32 [Productivity Measurement 21 21 24
33 |Information System & Historical Records 15 18 11
34 ]Variance Review 34 29 34
Sixth Factor: Material Managemnt
35 |Parts & Material Availability 3 4 2
36 |Storeroom Operation 16 13 18
37 |Inventory Functions and Costs 35 34 35




Table 5.5 - Ranking Comparison Table of

Factors Affecting Building Maintenance Management Auditing
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1Vs.2 D12x D12 1Vs. 3 D12 x D13 2Vs.3 D23 x D23
2 4 -2 4 -4 16
1 1 -3 9 -4 16
-1 1 -2 4 -1 1
10 100 -7 49 -17 289
-2 4 -3 9 -1 1
1 1 0 0 -1 1
-2 4 5 25 7 49
-7 49 3 9 10 100
4 16 -5 25 -9 81
0 0 0 0 0 0
-1 1 -3 9 -2 4
1 1 -3 9 -4 16
0 0 0 0 0 0
0 0 0 0 0 0
-5 25 5 25 10 100
11 121 -5 25 -16 256
-1 1 5 25 6 36
-1 1 3 9 4 16
-5 25 2 4 7 49
-6 36 6 36 12 144
-2 4 13 169 15 225
-12 144 5 25 17 289
-3 9 0 0 3 9
2 4 -5 25 -7 49
7 49 -1 1 -8 64
-1 1 -6 36 -5 25
10 100 -6 36 -16 256
-6 36 1 1 7 49
3 9 -4 16 -7 49
-1 1 2 4 3 9
-3 9 4 16 7 49
0 0 -3 9 -3 9
-3 9 4 16 7 49
5 25 0 0 -5 25
-1 1 1 1 2 4
3 9 2 4 -5 25
1 1 0 0 -1 1
evarscomparieon 802 635 2361




Table 5.6 — Spearman Rank Correlation Major Components
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Groups N Sum N(NxN-1) Spearman t — Value for
Compared (SQR (D)) Rank testing Ho
Correlation
Coefficient (r)
1VS2 37 802 50616 0.91 13.1
1VS3 37 635 50616 0.93 14.9
2VS3 37 2361 50616 0.72 8.0
Table 5.7 - Ranking Summary Table of Major Components
No. | Component Total Govt. Private
Organizations | Companies
Samples
(1)) 2 @
1. | Organization & human resources 1 1 1
2. | Work Load identification & 6 5 5
performance measures
3. | Work planning and scheduling 3 6 2
4. | Work accomplishment 4 2 6
5. | Information technology and appraisal 5 4 3
6. | Material management 2 3 4




Table 5.8 - t — Test of Hypothesis (for main components)
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No Component Govt. Pvt. te T os Agreement
Between GOVT
& PVT
Organizations
Mean | S | Mean | S
1 | Organization & Human Resources | 2.93 | 0.83 | 3.28 [ 0.72 | -1.55 | +2.016 | Agree
2 | Workload Identification 2.82 082311 {072}-129 | +2.016 | Agree
3 | Work Planning & Scheduling 271 090 [ 323 10.73 | -2.18 +2.016 | Do not agree
4 | Work Accomplishment 2.89 (093|311 [070/|-1.17 | +2.016 | Agree
5 | Information Technology & 276 |0.84 |3.15 | 066 |-1.78 +2.016 | Agree
Appraisal
6 | Material Management 274 110 |3.14 [074]|-1.57 | £2.016 | Agree
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5.3 MAJOR FINDINGS

As discussed in previous chapters the factors affecting building
maintenance management auditing are categorized into six major
components, each component composed of several factors and sub-
factors. No other factors were revealed by the respondents, except for
some suggestions that the work control office should report directly to
higher authority in maintenance management; also, routine, recurring and
service works should be considered as one factor. The following is a
discussion of major findings obtained from the analysis of collected data,
following the organization of components and their factors presented in

Chapter Three and Questionnaire.

First Component: Organization and Human Resources

Organization and Human Resources is ranked as the first component
affecting the auditing. It is considered to be “Important” by both
government and private sector. This component is the highest because
organization and human resources affect all other factors. Thus is ranked
as the first due to the high importance of its factors and sub-factors as
detailed below:

I-A Organization Structure

This factor is considered to be important by both sectors. Its average
score is 81.5%. The high rank of this factor reflects the importance of
organization structure in maintenance departments. A job description for
each position sub-factor is considered to be extremely important by the
government sector. On the other hand, the private sector respondents see

that availability of an organization chart as the most important factor.
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I-B Policies, Rules and Services

The policies, rules and services factor is considered to be “Important” by
both government and private organizations. The score is 79%. This
factor consists of three sub-factors: availability of general policies and
objectives documentation, services clearly defined, and availability of
active updating procedure. The government and private organizations

consider all of the three sub-factors to be important.

I-C  Work Control Center Functions, Staffing

This factor is ranked as the second highest important factor (82%). Its
sub-factors are considered as important, except that clear work control
and planning staff efficiency responsibilities were considered to be
“Extremely Important” by the private sector. This factor is important
because the work control center is the heart of the maintenance
department. It should be highly organized and qualified personnel should

be recruited for this center.

I-D Shop Organization

The shop organization factor and its sub-factors are ranked as
“Important” by both sectors, except that availability of documented shop
functions were considered as “Extremely Important” by the private
sector. It was found that this factor’s score was very high in the

“Important” range. The importance index given is 78% by both sectors.

I-E Shop Supervision & Planning Functions

Both groups considered shop supervision and planning functions as
“Important”. All three sub-factors are considered as “Important” by both
groups. Supervision of workshops is reflected in the productivity of the

workshops. It is recommended that supervisors of workshops should
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have satisfactory experience and qualifications to lead the production

personnel in the department.

I-F  First Line Supervision & Responsibilities

This factor is ranked as important in the total samples. Its Importance
Index is 77.5%. Both the government and private sector considered this
factor and all of its three sub-factors as “Important”. It was noticed that
the private sector gives more attention to first line supervision and
responsibilities (LI. = 82.2%) because first line supervisors and managers
affect the productivity and the income of the organization. The
centralization in some departments minimizes the importance of first line

supervision.

I-G Training

Training is ranked as “Important” in the total samples (I.I. = 76.50%).
This factor and its components are considered as “Important” by the
government group, while technical training is considered as “Extremely
Important” by the private organizations. It is noticed that the private
sector gives more attention to training to improve the performance of
their personnel, which will be reflected positively in the organization’s
income. Also, the more training the personnel get, the more motivation

they will have.

I-H Motivation

Motivation is ranked as an “important” factor, its importance index is
74%, while the government organizations considered this factor as
“moderately important” (II. = 67.93%). Also, the government
organizations considered the sub-factors as “moderately important”

except that financial motivations, awards and recognition were considered
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as “important”. The private sector considered all sub-factors as
“important”. The justification for this difference is that motivatation
affects directly the productivity of the laborers and eventually the

organization’s income.

Second Component: Work Load Identification &

Performance Measures

This component consists of a number of factors and sub-factors related to
the identification of work load in a maintenance department and the way
in which the management plans the procedure of conducting work and
selects parameters to measure the performance. This component is
ranked as No. 6 (LI. = 72.93%)in the total samples: it is considered as
“Important”. The gathered results indicated that the importance index
(II) was 68.61% and 77.82% by government and private sectors

respectively. The component consists of seven factors as detailed below:

II-A Facility Condition Inspection

The results indicated that this factor is ranked as “Important” in the total
samples (LI. = 78.25%). Both the government and private organizations
considered this factor and its sub-factors to be “Important”. = The
difference in the importance indices of sub-factors between the two
groups is due to the attention given by the private sector to facilities
inspection and keeping facilities in a better condition to increase the
facility’s continuation in service.  Facility condition also affects
advertising and competition among commercial organizations such as

malls and hotels.
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II-B Work Request Procedure

The importance index of this factor is ranked as 85.25% in the total
samples and considered as “Important” by both groups. All three sub-
factors comprising the work request procedure factor are considered as
“Important”, except that the availability of a work order system is
considered as “Extremely Important” in the total samples. The
government organizations considered this factor and all three sub-factors
as “Important”, while the private sector considered all of them as
“Extremely Important” except that information feedback to the requester

was considered as “Important”.

II-C Relationship Between Sections

The factor “relationship between sections” and its sub-factors are
considered to be “Important”. It was given Importance Index values of
(LI. = 75%) and (II. = 83.71%) by government and private sectors
respectively. The relationships between sections should be clear and
understood by employees in different sections. Some jobs require that
many sections work together as one team at the same time, while others

are conducted by one section after others.

II-D Preventive Maintenance (Equipment)

This factor and its sub-factors are ranked as “Extremely Important”. It
consists of three sub-factors, which are considered as “Important” by both
sectors except that planned preventive maintenance is considered as
“Extremely Important” by private organizations. The planning of
preventive maintenance is “Extremely Important” for the private sector

because it directly affects the convenience of their customers.
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II-E Service Work

Service work is considered as “Moderately Important” by both groups
(LI = 57.75%). Its sub-factors are considered as “Moderately Important”
by both government and private sectors. In many organizations service
work is not classiﬂed separately from maintenance work. The perception
of documenting service work procedures and conducting work load

analysis should be considered by maintenance management.

II-F Routine, Recurring Work

This factor of routine and recurring work is considered as “Moderately
Important” (II. = 61%). It is noticed that no attention is paid to
classifying maintenance work as routine and recurring to be controlled
separately. However, no respondent considered this factor as “Not
Important”. It is suggested that maintenance personnel’s perception of
this factor should be increased to lead them to a proper distribution of
their work and give them a suitable priority and scheduling. It is also
suggested by some respondents that this factor and the previous one are

considered as one factor (service, routine and recurring work).

II-G Work Requirements Documentation

This factor is ranked as “Important” (I.I. = 72.75%). From the interviews
it is found that while the importance of documentation is perceived
practically no attention and consideration are given to this point. In some
private sector companies some documentation is available for accounting
auditing purposes. However, it was mentioned by some respondents and
felt during visits and interviews that this factor has started to be
considered, due to the increase in perception of the importance of

maintenance, and the availability of software helps in this regard.
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III. Third Component: Work Planning & Scheduling

This component is ranked as the third component affecting the auditing of
maintenance management. It is considered as “Important”: the
Importance Index is 73.84%. Planning and scheduling are necessary for
maintenance management to perform its mission in a professional way.
This coinponent helps the management to estimate the needed funds and
budget. Also the scheduling of work helps the management to follow up
the productivity and assess the performance of the department.
Scheduling also guarantees better services and continuity of the operation
of the facility. It was noticed that this component is given more
consideration by private sector (I.I = 78%) while it is given L.I = 67.8%
by the government sector. The following are factors composing this

component:

III-A Priority System

Priority system is ranked as “Important” and its Importance Index is
71.75%. The documentation and distribution of priority criteria is
considered as “Important” by government organizations whereas the

private sector considered this sub-factor as “Moderately Important”.

III-B Work Classification and Weekly Schedule

This factor is considered as “Important” (I.I. = 69%) in the total samples.
The work classification and weekly schedule can be identified as the
classification of all tasks, developing work processing procedures and
weekly scheduling for conducting work. These factors and their sub-..
factors are considered as “Moderately Important” by government
organizations, whereas they are considered as “Important” by private

organizations.
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ITI-C Alterations and Improvement Work

This factor is ranked as “Important” in the total samples (LI = 71.25%).
Although this work should be processed and programmed separately from
maintenance work, some organizations utilize their maintenance
workforce to conduct major alterations and modifications which consume

a lot of time and material, affecting maintenance work badly.

III-D Budget Requirements for Maintenance & Repairs

This factor is considered as “Important”. The cumulative Importance
Index is 80%. It includes planning an annual maintenance budget, cost
reporting, and documentation for renewals and replacements.
Government and private organizations ranked these parameters as
“Important”, except that the private sector group ranked planning annual
maintenance budgets as “Extremely Important”. This reflects the
importance of financial support to maintenance departments. The budget
given to a maintenance department will be reflected in its performance in
retaining the facility in a satisfactory condition. It is clear that the greater
the budget given to maintain commercial buildings, the more convenience
to customers and finally a better income will be received from this

investment.

III-E Budget Execution Plan

This major factor is ranked as “Important”: its L.I. = 77.44%. The
execution plan of a budget is as important as preparing the budget
requirement. It is clear that the private sector looks to financial
expenditure more carefully. It means for the private sector the company’s
continued existence or leaving the business. Government budgets usually

are spent based on studied previous preparations and attached with
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explanations and items to be spent on. However, planning is necessary

for execution with priorities to maximize the benefit.

III-F Backlog of Funded Work

Backlog of funded work is considered to be “Moderately important” in
the total samples (LI = 68.3%). It is important that the backlog
summaries of approved work are reported, reviewed and analyzed. The
backlog of funded work helps maintenance management to evaluate

productivity.

I1I-G Emergency Work & Shutdown Scheduling

Emergency work and shutdown scheduling is considered as “Important”
(LI. 77.74%). The private organizations considered minimization of
emergency occurance and shutdown planning as “Extremely Important”.
Shutdown scheduling minimizes emergency work which causes
disturbance of continuity of works. Sometimes emergency shutdown
causes serious problems, such as in hospitals, factories and commercial
buildings. Some respondents suggested thét long term plans (which is a
sub-factor) should not be included in this factor. However, long term
plans are important even for shutdown scheduling, such as in air

conditioning stations and mechanical works.

IV. Fourth Component: Work Accomplishment

The accomplishment of a task can be done in many pictures. The method
of accomplishment and time consumed to complete the work reflect how
systematic and professional is the system in the department. This
component indicates how skilled is the manpower in the department. It is

ranked as No. 4 in the total components of factors affecting building
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maintenance management auditing, (I.I = 70.83%) and considered as

“Important”. The factors comprising this component are as follows:

IV-A Shop Scheduling & Planning Procedure

This factor is ranked as “Important”, (the cumulative LI = 70%).
Government and private sector groups agreed that this factor and its sub-
factors are considered as “Important”, except that the government group
tend to evaluate the shop planning | and documentation sub-factor as

“Moderately Important”.

IV-B Craft and Material Availability

The necessity of availability of manpower and material to the
accomplishment of work is reflected by consideration of this factor as
“Important”, (LI. = 77.5%). Planning of craft distribution for the shop
workforce, scheduling for craft hours, material scheduling for individual
work orders, and equipment availability determine how this factor is
effective in evaluation of the system. All sub-factors are considered as
“Important”, except work scheduling for craft houfs is considered as

“Moderately Important” by government organizations.

IV-C Maintenance Re-Engineering

The profession of maintenance requires the application of maintenance
process. re-engineering. This factor is considered as “Important”, (LL. =
70.5%). There is agreement between both groups covered in the survey
that this component is “Important”. It is noted from interviews and
meetings with many maintenance staff that there is a need for key
maintenance processes, automation of the work process, and
establishment of performance indicators. However, many of them prefer

to continue on their routine process which is inefficient.
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IV-D Shop Spaces, Tools and Equipment

The importance index of this factor related to shop spaces, tools and
equipment is 73% and considered as “Important”. = Government and
private sector groups agreed that adequate shop space, tools and
equipment and maintaining shop conditions are important, except that
shop space adequacy is considered to be “Moderately Important” by the

government sector.

IV-E Transportation

This major factor is considered as “Important” in the total samples, I.I =
72.75%. It is necessary for maintenance departments to have an adequate
number of vehicles, especially for those departments servicing and
maintaining large organizations such as compounds, cities, etc. The
vehicles should be well maintained and provided with necessary tools.
Some respondents indicated that productivity of laborers is reduced

because of inadequate transportation in their organizations.

IV-F Supervisory Practices

This major factor directly affects the productivity and performance of
maintenance departments. The total samples considered supervisory
practices as an “Important” factor (ILI. = 78.75%). The surveyed
respondents indicated the importance of time spent by supervisors on
direct supervision. However, a number of supervisors complain that they
have no clear responsibilities, no authority given to them to improve their
workshops and sections, and no incentives to encourage them to be more

professional.
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IV-G Use of Contracts

All respondents agreed that the use of contracts is an “Important” issue
(II. = 75.75%). The higher level management is concerned more about
this factor. Balancing between contracts and in-house staff is an
important issue for a decision maker. Each one of the choices has

advantages and disadvantages

V.  Fifth Component: Information Technology & Appraisal

This factor is ranked as No. 5 in the total six components affecting the
auditing of building maintenance management. It is considered as
“Important” (LI = 73.51%). Information Technology can be utilized to
improve performance, automate procedures and audit the maintenance
management systems. Software and hardware help to make facilities
more efficient and organized. This concept is understood by most of the
respondents, however a number of them reported dissatisfaction with
their implementation of this major factor. The details of five sub-factors

of information technology and appraisal are as follows:

VI-A Management Information System (MIS)

This factor is considered as “Important” on average in the total samples,
LI = 73.5%. The government sector considered this factor and its sub-
factors as “Important” and “Moderately Important” while the private
sector group considered Management Information System and its sub-

factors as “Important”

VI-B Performance Measurement
This factor is considered as “Important” in the average of the total
samples (I.I. = 73.75%). The private sector group considers this factor

and its sub-factors as “Important”. Performance measurement methods
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and using equipment performance standards are considered as

“Moderately Important” by government organizations.

V-C Productivity Measurement
This factor is ranked as an “Important” factor (II. = 74.25%). Both
sectors 'agree that this factor and all of its comprising sub-factors are

“Important”.

V-D Information System and Historical Records

Information system and historical records is ranked as an “Important”
factor (ILI. = 77.25%). The respondents from both government and
private sectors agree that all sub-factors are important. However, higher
mean values are given by respondents from private organizations to this

factor and its sub-factors.

V-E Variance Review

Variance review is considered as “Moderately Important” in the
cumulative work (L.I. = 68.25%). There is no big difference between the
two respondent groups in ranking this factor and its sub-factors. There
should be a review policy for variance review between planned and actual

activities.

V1. Sixth Component: Material Management

This component is ranked as the second among the six components. It is
considered as “Important”, the mean value is 3.00 (II. = 75.06%). Every
maintenance department depends on manpower and material to achieve
its mission. Without proper material management, management can’t
build a-good system. Also from the financial point of view, the cost of

material consumption is more than manpower wages in some workshops.
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This component is related to the availability of parts and material,
storeroom operation, inventory functions and costs. The material

management sub-factors are ranked as detailed below:

VI-A Parts and Material Availability

This factor is considered as “Extremely Important”. The average mean
value is 3.30 (I.I 82.5%). Its sub-factors are considered as “Extremely
Important” by both groups, except that inventory periodic review is
ranked as “Important” by the government sector.

VI-B Storeroom Operation

This factor is ranked as “Extremely Important” by the average of total
samples, average mean value is 3.30 (II. = 82.50%). However, the
respondents from the government sector considered this factor and its
sub-factors as “Important”. The private sector group agree also that
integration of salvage and bench stock with the inventory control sub-
factor is considered as “Important”. But in the average, except for this

sub-factor, all others are ranked as “Extremely Important”.

VI-C Inventory Functions and Costs

The inventory functions and costs factor and its sub-factors are
considered as “Important” by both groups. The average mean value is
2.68 (LI 67.0%). It is noticed that material management and inventory
functions are handled by other departments than the maintenance
department. This point has advantages and disadvantages and should be
studied in detail as other study. Also maintenance departments in some
organizations are not involved directly in purchase orders and cost
management. This point also can be discussed and studied in more detail

in further studies.



118

Tables 5.9-1 — 5.11-6 present the details of all the statistics resulting from
the data received from the questionnaires. More details are also shown in

Appendix A.
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Table 5.9-1 - Ranking Summary Table for Government Sector Samples
First Component : Organization & Human Resources

Rank Auditing Factor Mean |Importance| Ordinal Scale
Value Index
1 A3 |Job description for each position 3.42 85.50 Important
2 C1 |Clear work control responsibilities 3.20 80.00 Important
3 C2 |[Effectiveness evaluation and review 3.16 79.00 Important
4 D2 |Clear related crafts relationships 3.12 78.00 Important
5 C__|Work control center functions, staffing 3.12 78.00 Important
6 A {Organization structure 3.12 78.00 Important
7 C5__ |Establishing of data analysis for management use 3.08 77.00 Important
8 C4 _|Planning staff sufficiency 3.08 77.00 Important
9 C3__|Work reception staff training 3.08 77.00 Important
10 B2 _{Complete services organization clearly defined 3.08 77.00 Important
11 Bl _|Availability of general policies and objectives document 3.08 77.00 Important
12 A4 |Data updating procedure 3.04 76.00 Important
13 Al _|Availability of organization chart 3.04 76.00 Important
14 G1 __|Technical training 3.00 75.00 Important
15 F3 |Labor productivity follow up 3.00 75.00 Important
16 F1 |Ratio of supervisors to craft workers 3.00 75.00 Important
17 B [Policies, Rules and Services 3.00 75.00 Important
18 A2 |Availability of functioning statement for all 3.00
components which define roles, authority &
responsibility
19 D IShop organization 2.97 74.25 Important
20 H4 _|Employees awards and recognition 2.96 74.00 Important
21 F |Firstline supervision & responsibilities 2.93 73.25 Important
22 D1 |Availability of documented shop functions 2.92 73.00 Important
23 D3 |Effectiveness review and evaluation 2.88 72.00 Important
24 G __|Trainig 2.86 71.50 Important
25 B3 _|Availability of active updating procedure 2.84 71.00 Important
26 G3__|Management training 2.83 70.75 Important
27 H3 |Employees financial motivation 2.80 70.00 Important
28 F2 |Availability of adequate support staff 2.80 70.00 Important
29 El |[Multi-craft job coordination 2.80 70.00 Important
30 E2 _|Supervision coverage adequacy 2.79 69.75 Important
31 G2 _ |Productivity training 2.76 69.00 Important
32 H5 _|Less barriers between labor and management 2.72 68.00 Moderately Important
33 H |Motivation 2.72 68.00 Moderately Important
34 E __ |Shop supervision & planning functions 2.68 67.00 Moderately Important
35 H1 |Conducting a climate survey 2.67 66.75 Moderately Important
36 H2 |Annual turnover due to quits & discharges of labors 2.44 61.00 Moderately Important
37 E3 _ |Establishment of planning functions to support 2.44 61.00 Moderately Important
shop supervisors.
Total 2635.75
Average Score 71.24
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Table 5.9-2 - Ranking Summary Table for Government Sector Samples

Second Component : Work Load Identification & Performance Measures

Rank Auditing Factor Mean |Importance| Ordinal Scale
Value Index

1 Bl |Availability of work order system 3.48 87.00 Important

2 B  |Work Request Procedure 3.17 79.25 Important

3 C1__|Personnel understanding of their work relationships 3.12 78.00 Important

4 Al _|Availability of inspection scheduling 3.04 76.00 Important

5 B2 |Availability of documented procedure 3.04 76.00 Important

6 D1 [Planned preventive maintenance 3.04 76.00 Important

7 A |Facility Condition Inspection 3.01 75.25 Important

8 C |Relationship Between Sections 3.00 75.00 Important

9 A2 |Availability of documented inspection scheduling 3.00 75.00 Important

10 A3 [Conducting maint. & repairs based on inspection 3.00 75.00 Important

11 B3 |Information feedback to requester 3.00 75.00 Important

12 C2 '|Job description of each section 3.00 75.00 Important

13 G1__|Establishing prioritization of all works 2.96 74.00 Important

14 D |Preventive Maintenance (Equipment) 2.95 73.75 Important

15 D2 |Accomplishing preventive maint. work within 10% 292 72.92 Important
of schedule

16 C3 _|Team work assignment for the same jobs 2.88 72.00 Important

17 D3 _[Periodically reviewing equipment history records 2.88 72.00 Important

18 G |Work Requirements Documentation 2.65 66.25 Moderately Important

19 G2 |Summarizing works by status 2.64 66.00 Moderately Important

20 El |Classify service works separately from other works 2.36 59.00 Moderately Important

21 G3 |Reviewing work load periodically 2.36 59.00 Moderately Important

22 F2 |Reporting standing workorder scheduling & 232 58.00 Moderately Important
performance weekly.

23 F3__ |Cost estimation of recurring work 2.32 58.00 Moderately Important

24 F__ |Routine, Recurring Work 2.27 56.75 Moderately Important

25 E |Service Work. 2.16 54.00 Moderately Important

26 E2 |Clearly documenting processing procedure of 2.16 54.00 Moderately Important
service works.

27 F1 _[Classify recurring work to be controlled separately. 2.16 54.00 Moderately Important

28 E3 _|Conducting work load analysis. 1.96 49.00 Moderately Important
Total 1921.17
Average Score 68.61
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Table 5.9-3 - Ranking Summary Table for Government Sector Samples
Third Component : Work Planning & Scheduling

Rank Auditing Factor Mean |Importanceg] Ordinal Scale
Value Index
1 Gl _|Minimizing emergency work occurrence 3.12 78.00 Important
2 D1 |Planning annual maintenance budget 3.00 75.00 Important
3 D |Budget Requirements for Maintenance and Repairs 2.96 74.00 Important
4 D3 |Formally idnetifying and presenting long range 2.96 74.00 Important
requirements for renewals and replacement to
financial managers.
5 E2_|Identifying works in the budget plan 2.96 74.00 Important
6 D2 |Cost reporting & budget documentation 2.92 73.00 Important
7 G2 |Standard time assessment of specific works 2.92 73.00 Important
8 A2 |Appropriateness of priority criteria 2.92 72.92 Important
9 A |Priority System 2.88 72.00 Important
10 Al |Documentation & distribution of priority criteria 2.88 72.00 Important
11 E__ |Budget Execution Plan 2.84 71.00 Important
12 A3 |Consistency of priority criteria 2.84 71.00 Important
13 G__|Emergency works & shutdown scheduling 2.81 70.25 Important
14 El _|Establishing periodic budget execution planning 2.80 70.00 Important
15 E3 _[Controlling budget against plans 2.76 69.00 Important
16 Cl1 |Classifying alterations & improvement separately 2.68 67.00 Moderately Important
from maintenance works.
17 C3 _ |Distribution of work force within a planned taget 2.68 67.00 Moderately Important
18 G3__[Shutdown scheduling and planning 2.68 67.00 Moderately Important
19 C  |Alterations and Improvement Work 2.65 66.25
20 C2 |Processing & programming of work separately 2.60 65.00 Moderately Important
from maintenance.
21 Bl |Work classification for all tasks. 2.56 64.00 Moderately Important
22 G4 _|Long term plans 2.52 63.00 Moderately Important
23 B |Work Classification and Weekly Schedule 2.50 62.50
24 B3 _[Weekly scheduling for conducting works. 2.50 62.50 Moderately Important
25 B2 |Developing & implementing work processing procedure 2.44 61.00 Moderately Important
26 F1 __|Defining accepted and applied backlog 2.40 60.00 Moderately Important
27 F___|Backlog of Funded works 2.32 58.00
28 F3 |Backlog reports review and analysis 2.32 58.00 = {Moderately Important
29 F2 BacklogLsummaries of approved works 2.24 56.00 Moderately Important
Total 1966.42
67.81

Average Score
_
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Table 5.9-4 - Ranking Summary Table for Government Sector Samples
Forth Component : Work Accomplishment

Rank Auditing Factor Mean [Importance Ordinal Scale
Value Index
1 B4 [Material and equipment availability 343 85.87 Important
2 G3 |Monitored contract performance 3.12 78.00 Important
3 F2 |Clear supervisor responsiblities 3.04 76.00 Important
4 G2 |Contract administration by experienced and 3.04 76.00 Important
trained personnel.
5 F1 |Spending enough percentage of supervisor's 3.00 75.00 Important
time on direct supervision.
6 B |Craft and Material Availability 2.97 74.25
7 B3 _|Material scheduling for individual work orders 2.96 74.00 Important
8 D2 |Tools and equipment adequacy 2.96 74.00 Important
9 El1 |Adequate number of vehicles for maint. transportation 2.96 74.00 Important
10 F  |Supervisory Practices 2.92 73.00
11 E3 |Tools availability 2.92 73.00 Important
12 E |Transportation 291 72.75
12 G  |Use of Contracts 2.90 72.50
14 Bl |Craft distribution planning for shop workforce 2.84 71.00 Important
15 E2 |Adequate operation & maintenance of vehicles 2.84 71.00 Important
16 F4 |Labor and material cost estimation 2.83 70.83 Important
14 D |Shop, Spaces, Tools & Equipment 2.80 70.00
18 Al |Establishing weekly scheduling 2.80 70.00 Important
19 Cl__[Desiging key maintenance processes 2.80 70.00 Important
20 F3 _|Identifying training & safety programs by supervisors 2.80 70.00 Important
21 G4 |Frequent management evaluation and comparison 2.80 70.00 Important
between contract and in-house performance.
22 C4__|[Establishing performance indicators 2.79 69.79 Important
23 D3 |Maintained shop and facilities condition 2.76 69.00 Important
24 C__|Maintenance Process Re-engineering 2.74 68.50 Moderately Important
25 C3__|Quality cost measuring 2.72 68.00 Moderately Important
26 A3 |Performance within +/- 10% of planned works 2.68 67.00 Moderately Important
27 D1 |Shop space adequacy 2.68 67.00 Moderately Important
28 B2 _|Work ordering scheduling for craft hours 2.64 66.00 Moderately Important
29 C2 |Work process automation 2.64 66.00 Moderately Important
30 Gl __[Balancing contracts and in-house staff 2.64 66.00 Moderately Important
31 A __IShop Scheduling & Planning Procedure 2.61 65.25 Moderately Important
32 A2 _|Documenting & reviewing scheduling procedures wkly 2.56 64.00 Moderately Important
33 A4 |Shop planning support availability 2.40 60.00 Moderately Important
Total i} 2337.74
70.84

Aveajge Score
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Table 5.9-5 - Ranking Summary Table for Government Sector Samples
Fifth Component : Information Technology & Appraisal

Rank Auditing Factor Mean |Importance Ordinal Scale
. Value Index
1 D1 |Availability of facility history records 2,96 74.00 Important
2 D3 |Spare parts information 2.92 73.00 Important
3 D |Information Systems & Historical Records 2.87 71.75 Important
4 A2 |Report design and utilization 2.88 72.00 Important
5 C1 |Frequency productivity studies 2.88 72.00 Important
6 A4 |Easy to use maintenance management system 2.84 71.00 Important
7 Bl |Using performance measurment methods 2.84 71.00 Important
8 C2 |Conducting work sampling of representative 2.84 71.00 Important
shop work force
9 D2 |Availability of equipment history records 2,84 71.00 Important
10 C [Productivity Measurement 2.82 70.50 Important
11 B2 |Report summaries preparation 2.80 70.00 Important
12 C3 _|Comparisons of various categories of work 2.80 70.00 Important
13 D4 |Computerized inventory system 2.76 69.00 Important
14 El [Review policy for variance between planned and 2.76 69.00 Important
actual activities.
15 C4 __|Conducting improvement action plan 2.75 638.75 Important
16 A |Management Information System (MIS) 2.73 68.25 Moderately Important
17 B |Measurement of Performance 2.72 68.00 Moderately Important
18 A3 |Facility and equipment reports 2.72 68.00 Moderately Important
19 E2 |[Establishing parameters and guidelines for 2.72 68.00 Moderately Important
conducting these reviews
20 Al |Maintenance MIS adequacy 2.68 67.00 Moderately Important
21 B3 |Using engineered performance standards to 2,68 67.00 Moderately Important
estimate labor hours on work orders.
22 E |Variance Review 2.67 66.75 Moderately Important
23 B4 _|Conducting improvement studies 2.56 64.00 Moderately Important
24 A5 |Using expert systems 2.52 63.00 Moderately Important
25 E3 [Variance records and periodic review. 2.52 63.00 Moderately Important
Total 1727.00
69.08

Average Score
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Table 5.9-6 - Ranking Summary Table for Government Sector Samples
Sixth Component : Material Management

Rank Auditing Factor Mean (Importance Ordinal Scale
Value Index
1 A2 |Documentation of material used on work order sheet 3.28 82.00 Important
2 A3 |Spare parts availability 3.24 81.00 Important
3 A  |Parts & Material Availability 3.08 77.00
4 B1 |Storeroom control procedure and record system 3.04 76.00 Important
5 B2 |Security and accessibility 3.04 76.00 Important
6 B3 |Stock safety 3.04 76.00 Important
7 B |Storeroom Operation 2.92 73.00
8 Al [Periodic inventory review 2.72 68.00 Moderately Important
9 Cl__|Purchase orders cost management 2.60 65.00 Moderately Important
10 B4 |Integration of salvage and 'bench stock' with inventory 2.56 64.00 Moderately Important
control.
11 C |Inventory Functions and Costs 2.45 61.25 Moderately Important
12 C2 _|Materials handling cost management 2.40 60.00 Moderately Important
13 C3 |Materials stock out cost management. 2.36 59.00 Moderately Important
Total 918.25
70.63

Average Score
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Table 5.10-1 - Ranking Summary Table for Private Sector Samples
First Component : Organization & Human Resources

Rank Auditing Factor Mean [Importance Ordinal Scale
Value Index
1 C1 |Clear work control responsibilities 3.73 93.18 Extremely Important
2 G1_|Technical training 3.64 90.91 Extremely Important
3 Al |Availability of organization chart 3.59 89.77 Extremely Important
4 A3 }Job description for each position 3.55 88.64 Extremely Important
5 C4__ |Planning staff sufficiency 3.50 87.50 Extremely Important
6 C__|Work Control Center Functions, Stffing 3.46 86.50 Important
7 Bl |Availability of general policies & objectives 345 86.36 Important
documentation
8 B2 |Complete services organization clearly defined. 345 86.36 Important
9 C3 _[Work reception staff training 3.45 86.36 Important
10 A__ |Organization Structure 341 85.25 Important
11 G2__|Productivity training 3.36 84.09 Important
12 H1 [Conducting a climate survey 3.36 84.09 Important
13 H4 |Employee awards and recognition 3.36 84.09 Important
14 B [Policies, Rules and Services 3.35 83.75 Important
15 C2 |Effectiveness evaluation and review - 3.32 82.95 Important
16 C5__|Establishing of data analysis for management use 3.32 82.95 Important
17 D1 |Availability of documented shop functions 3.32 82.95 Important
18 F1 |Ratio of supervisors to craft workers 3.32 82.95 Important
19 F3 |Labor productivity follow up 3.32 82.95 Important
20 F [First line supervisions & responsibilities 3.29 82.25 Important
21 G |Training 3.29 82.25 Important
22 A4 |Data updating procedure 3.27 81.82 Important
23 H2 | Annual turnover due to quits & discharges of labors 3.27 81.82 Important
24 H3 |[Empioyecs financial motivation 3.27 81.82 Important
25 H |Motivation 3.24 81.00 Important
26 A2 |Availability of function statement for all components 3.24 80.95 Important
which define roles, authority & responsibility.
27 D2 |Clear related crafts relationships 3.23 80.68 Important
28 F2 |Availability of adequate support staff 3.23 80.68 Important
29 D __ |Shop organization 3.15 78.75 Important
30 B3 _|Availability of active updating procedure 3.14 78.41 Important
31 El |Multi-craft job coordiantion 3.09 77.27 Important
32 E__[Shop supervision & planning functions 3.02 75.50 Important
33 E3 |Establishment of planning functions to support 3.00 75.00 Important
shop supervisors.
34 E2 _|Supervision coverage adequacy 2.95 73.86 Important
35 D3 |Effectiveness review and evaluation 2.91 72.73 Important
36 H5 |Less barriers between labor and management 291 72.73 Important
37 G3__|Management training 2.86 71.59 Important
Total 3040.71
82.18

Average Score
N
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Table 5.10-2 - Ranking Summary Table for Private Sector Samples
Second Component : Work Load Identification & Performance Measures

Rank Auditing Factor Mean |[Importance Ordinal Scale
Value Index
1 B1 |Availability of work order system 3.82 95.45 Extremely Important
2 B |Work Request Procedure 3.59 89.75 Extremely Important
3 B2 |Availability of documented procedure 3.55 88.64 Extremely Important
4 D1 |Planned preventive maintenance 3.50 87.50 Extremely Important
5 B3 |Information feedback to requester 341 85.23 Important
6 C1 _|Personnel understanding of their works relationships 341 85.23 Important
7 G1 __|Establishing prioritization of all works 3.41 85.23 Important
8 C3__|Team work assignment for the same jobs 3.36 84.09 Important
0 C |Relationship Between Sections 3.35 83.75 Important
10 A2 |Availability of documented inspection scheduling 3.32 82.95 Important
11 A |Facility Condition Inspection 3.27 81.75 Important
12 Al |JAvailability of inspection staff 3.27 81.82 Important
13 C2 |Jobs description of each section 3.27 81.82 Important
14 D |Preventive Maintenance (Equipment) 3.26 81.50 Important
15 A3 |Conducting maintenance & repairs based on inspection 3.23 80.68 Important
16 G |Work Requirements Documentation 3.20 80.00 Important
17 D3 _|Periodically reviewing equipment history records 3.18 79.55 Important
18 G2 |Summarizing works by status 3.18 79.55 Important
19 D2 |Accomplishing preventive maintenance work 3.09 77.27 Important
within 10% of schedule. Important
20 G3__|Reviewing work load periodically 3.00 75.00 Important
21 F2 |Reporting standing work order scheduling & 2.68 67.05 Moderately Important
performance weekly.
22 F3 _|Cost estimation of recurring work 2.68 67.05 Moderately Important
23 F__|Routine, Recurring Work 2.64 66.00
24 El |Classifying service works separately from service works 2.64 65.91 Moderately Important
25 F1__|Classifying recurring work to be controlled separately 2.55 63.64 Moderately Important
26 E |Service Work. 248 62.00 Moderately Important
27 E2 |Clearly documenting processing procedure of 241 60.23 Moderately Important
Service works. Moderately Important
28 E3 |Conducting work load analysis. 241 60.23 Moderately Important
Total 2178.87
77.82

Average Score
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Table 5.10-3 - Ranking Summary Table for Private Sector Samples
Third Component : Work Planning & Scheduling

Rank Auditing Factor Mean |(Importance Ordinal Scale
Value Index
1 G1 __|Minimizing emergency work occurrence. 3.73 93.18 Extremely Important
2 D1 _|Planning annual maintenance budget 3.64 90.91 Extremely Important
3 G3 _|Shutdown scheduling and planning 3.64 90.91 Extremely Important
4 D__ |Budget Requirements for Maintenance and Repairs 3.48 87.00 Important
5 G__|Emergency works & shutdown scheduling 3.45 86.25 Important
6 E3 |Controlling budget against plans 3.45 86.36 Important
7 D2 iCost reporting and budget documetnation 3.41 85.23 Important
8 D3 |Formally identifying and presenting long range 3.41 85.23 Important
requirements for renewals and replacement to
fincncial managers.
9 E2 _|Identifying works in the budget plan 3.41 85.23 Important
10 E |Budget Execution Plan 3.39 84.75 Important
11 A2 |Appropriateness of priority criteria 3.32 82.95 Important
12 El |Establishing periodic budget execution planning 3.32 82.95 Important
eriodically.
13 G2 |Standard time assessment of specific works 3.32 82.95 Important
14 A3 |Consistency of priority criteria 3.27 81.82 Important
15 F1 [Defining accepted and applied backlog 3.27 81.82 Important
16 F__ |Backlog of Funded Works 3.20 80.00 Important
17 F3 _ |Backlog reports review and analysis 3.18 79.55 Important
18 C3__|Distribution of work force within a planned target 3.14 78.41 Important
19 F2 _|Backlog summaries of approved works 3.14 78.41 Important
20 G4 |Long term plans 3.14 78.41 Important
21 B3 IWeekly scheduling for conducting works 3.09 77.27 Important
22 Cl |Classifying alteratins and improvement separately 3.09 77.27 Important
from maintenance works.
23 C ]Alterations and Improvement work 3.08 77.00 Important
24 B [Work classification and weekly schedule 3.06 Important
25 Bl |Work classification for all tasks. 3.05 76.14 Important
26 B2 |Developing and implementing work processing procedure|  3.05 76.14 Important
27 C2 |Processing and programming work seprately 3.00 75.00 Important
from maintenance.
28 A  |Priority System 2.86 71.50 Important
29 Al |Documentation and distribution of priority criteria. 2.00 50.00 Moderately Important
Total 2262.64
Aveage Score 78.02
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Table 5.10-4 - Ranking Summary Table for Private Sector Samples
Fourth Component : Work Accomplishment

Rank Auditing Factor Mean [Importance Ordinal Scale
Value Index

1 F1 |Spending enough percentage of supervisor's time 3.59 89.77 Extremely Important
on direct supervision.

2 F3 _|Identifying training & safety programs by supervisors 3.45 86.36 Important

3 F |Supervisory Practices 3.41 85.25 Important

4 F2 |Clear supervisory responsibilities 3.41 85.23 Important

5 Bl __|Craft distribution planning for shop work force. 3.36 84.09 Important

6 Al |Establishing weekly scheduling 3.32 82.95 Important

7 G4 |Frequent management evaluation and comparisons 3.32 82.95 Important
between contract and in-house performance

8 B2 _|Work ordering scheduling for craft hours. 3.27 81.82 Important

9 B4 [Material and equipment availability 3.27 81.82 Important

10 B |Craft and material availability 3.24 81.00 Important

11 D1 |Shop space adequacy 3.23 80.68 Important

12 G3 [Tools availability 3.23 80.68 Important

13 G [Use iof Contracts 3.18 79.50 Important

14 F4 |Labors and material cost estimation 3.18 79.55 Important

15 G2 |Contract admin. By experienced & trained personnel 3.18 79.55 Important

16 A2 |Documenting & reviewing scheduling procedures wkly 3.14 78.41 Important

17 D {Shop, Spaces, Tools & Equipment 3.05 76.25 Important

18 B3 |Material scheduling for individual work orders. 3.05 76.14 Important

19 D2 |Tools and equipment adequacy 3.05 76.14 Important

20 El1 |Adequate No. of vehicles for maint. transportation 3.05 76.14 Important

21 A __ |Shop Scheduling & planning Procedure 3.02 75.50 Important

22 C1__|Desiging key maintenance processes 3.00 75.00 Important

23 E3 |Tools availability 3.00 75.00 Important

24 G1_ |Balancing contracts and in-house staff. 3.00 75.00 Important

25 C2 |Work process automation 2.95 73.86 Important

26 C3__ |Quality cost mesuring 2.95 73.86 Important

27 E |Transportation 2.91 72.75 Important

28 C__ [Maintenance Process Re-Engineering 2.91 72.75 Important

29 A3 |Performance within +/- 10% of planned works 2.91 72.73 Important

30 D3 |Maintained shop and facilities condition 2.86 71.59 Important

31 A4 |Shop planning support availability 2.73 68.18 Moderately Important

32 C4 _|Establishing performance indicators 2.73 68.18 Moderately Important

33 E2 |Adequate operation & maintenance of vehicles. 2.68 67.05 Moderately Important
Total 2565.73

71.75

Average Score
o —
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Table 5.10-5 - Ranking Summary Table for Private Sector Samples
Fifth Component : Information Technology & Appraisal

Rank Auditing Factor Mean |Importance Ordinal Scale
Value Index
1 D3 |Spare parts information 3.45 86.36 Important
2 D |Information System & Historical Records 3.33 83.25 Important
3 A4 [Easy to use maintenance management system 3.32 82.95 Important
4 C1 |Frequent productivity studies 3.32 82.95 Important
5 D1 |Availability of facility history records 3.32 82.95 Important
6 D2 |Availability of equipment history records 3.32 82.95 Important
7 Al [Maintenance MIS adequacy 3.27 81.82 Important
8 Bl _[using performance measurement methods 3.27 81.82 Important
9 B2 |Report summaries preparation 3.23 80.68 Important
10 B4 |Conducting improvement studies 3.23 80.68 Important
11 D4 |Computerized inventry system 3.23 80.68 Important
12 B |Measurement of Performance 3.22 80.50 Important
13 A |Management Information System (MIS) 3.18 79.50 Important
14 A2 _[Report design and utilization 3.18 79.55 Important
15 A3 |Facility and equipment reports 3.18 79.55 Important
16 C3 _|Comparisons of various categories of work 3.18 79.55 Important
17 C |Productivity Mcasurement 3.15 78.75 Important
18 B3 |Using engineered performance standards to estimate 3.14 78.41 Important
labor hours on work orders.
19 AS |Using exper systems 2.95 73.86 Important
20 C2 |Conducting work sampling of representative 2.95 73.86 Important
shop work force
21 El [Review policy for variance between planned and 2.91 72.73 Important
actual activities
22 E3 |Variance records and periodic review 2.82 70.45 Important
23 E2 |Establishing parameters and guidelines for 2.68 67.05 Moderately Important
conducting these reviews.
24 E |Variance Review 2.80 70.00 Important
Total 1820.85
75.87

Average Score
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Table 5.10-6 - Ranking Summary Table for Private Sector Samples
Sixth Component : Material Management

Rank Auditing Factor Mean |[Importancel Ordinal Scale
Value Index
1 A3 |Spare parts availability 3.64 90.91 Extremely Important
2 B2 |Security and accessibility 3.59 89.77 Extremely Important
3 Bl [Storeroom control procedure and record system 3.55 88.64 Extremely Important
4 A |Parts & Material Availability 3.48 87.00 Important
5 Al [Periodic inventory review 3.41 85.23 Important
6 A2 [Documentation of material used on work order sheet. 341 85.23 Important
7 B3 |Stock safety 3.41 85.23 Important
8 B |Storeroom operation 3.23 80.75 Important
9 C1 __|Purchase orders cost management 3.00 75.00 Important
10 C |Inventory Functions and costs 2.68 67.00 Moderately Important
11 C2__[Materials handling cost management 2.55 63.64 Moderately Important
12 C3 |Materials stock out cost management 2.50 62.50 Moderately Important
13 B4 |Integration of salvage and 'bench stock' with 2.36 59.09 Moderately Important
inventory control.
Total 1019.99
78.46

Average Score
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5.4 RECOMMENDED MAINTENANCE
MANAGEMENT AUDIT FORM

From the Literature review, survey and data analysis, factors affecting
building maintenance management in Saudi Arabia are listed and given a
suitable importance index. The calculated importance index for each sub-
factor determines the ordinal score, as mentioned earlier. Some respondents
reveal that based on these findings and results a recommended maintenance
management audit form is developed as shown in table 5.12. Each sub-
factor is given a maximum score based on its calculated ordinal score such
as: 4, 3 and 2 for extremely important, important and moderately important
respectively. The auditor has to fill in the suitable socre in the earned score
rank. The score should not exceed the maximum score for each sub-factor.
At the end of each component, the auditor can calculate the effectiveness
index of this component by multiplying the earned score by the weight
shown in table 5.12 of the same factor to get the total score, for example

effectiveness index for the first component can be:

I

= Total Earned Score x 100 Total Earned Score x 100
Maximum Score 87

The same method is applied at the end of the auditing to find the average

effectiveness index using the formula:

6
( ¥ Total earned score ) x 100

Fl Total Max. Score
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6
= ( 2 { Total earned Score )
=l 369
From data analysis, it is found that each one of the six main components is
ranked as important. The highest importance index is scored by organization
and human resources (77.44%) while the lowest importance index is

(72.93%) for work load identification and performance measures.

These main components of factors and sub-factors have approximately the
same importance and each one affects the others, for example if the
organization and human resources main component scores little effectiveness in

one organizations, the other components will be affected badly.

Table 5.12 shows the recommended maintenance management audit form. It
consists of factors that should be considered when conducting the audit with their
scores. The same score scale used in this study to determine the importance index
for each factor, also used in the developed form to score the effectiveness indices

for these factors. These factors are suitable for the Saudi environment.

Table 5.12 Maintenance Management Audit Form
First Component: Organization & Human Resourc .

- Score (Earned
f (Outof10) Score) x

No Questions

. Avallablllty of orgzatlon chart

2. | Availability of function statement for all
components which define roles, authority &
responsibility

Job description for each pos1tlon

ing rocedure

. | Availability of gneralp011c1es and objectives  [EREEEEEN T
documentation




No Questions Score (Earned
(Out of 10) Score) x
Weight

Complete services organization clearly defined
Availability of active updating procedure

T |

Clear work control responsibilities
Effectiveness evaluation and review
Work reception staff training
Planning staff sufficiency
Establishing of data analysis for management use

b bt bt fad fae

115831 S S ST IR ]
Availability of documented shop functions

Clear related crafts relationships
Effectiveness review and evaluation

Multi-craft job coordination
Supervision coverage adequacy
Establishment of planning functions to support
shop supervisors

Availability of adequate support staff
| Labor productivity follow-up

ting S
Productivity training
. | Management training

H H
| S

Annual turnover due to quits and discharges of
laborers

3. | Employees’ financial motivation
4. | Employees’ awards and recognition
5. | Less barriers between labor and management
TOTAL ‘ ;
Second Component: Work Load Identification & Peformance Measures
No Questions ‘; Ml  Score (Earned
P | (outof10) Score) x
5 : ) Weight

1. | Availability of inspection staff !
Availability of documented inspection ¥
scheduling
3. | Conducting maintenance & repairs based on
inspection

143
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No Questions Score (Earned
(out of 10) Score) x

Weight

Alaill rk order ssem T
Availability of documented procedure
| Informatlon feedback to requester

o 0o —

; ETAEIINTY a",i’."'f-’;"t.l ("": Uik
L. Personnel understandmg of their work

relationships

2. | Job description of each section

3. | Team work assignment for the same jobs

RS H HATRECIAAY Pt

1. | Planned preventwe mamtenance

2. | Accomplishing preventive maintenance work

within 10% of schedule

3. | Periodically reviewing equipment history

1. Class1fymg service work separately from other
work
2. | Clearly documenting processing procedure of
service work
3. Conductm work load analysis_

n»l

QUEIE YGiL ":"

1. C]asmfymg recumng work to be controlled

separately

2. | Reporting standing work order scheduling &

performance weekly

3. Cost estimation of recurring work
Ry

.| Establlshlng pnontlzatlon of all work

rnwn_f‘muv 'al'mnurwarnn_

2. | Summarizing jobs by status
3. | Reviewing work load periodically
TOTAL
Third Component: Work Planning & Scheduling
No Questions ’ M Score (Earned
(out of 10) | Score) x

_ Wel 17'

. | Documentation & distribution of priority criteria ‘
Appropriateness of priority criteria :
Consistency of riority criteria

WorkClass1ﬁcatlon for all tasks
Developing and implementing work processing
procedure




No Questions

3. | Weekly scheduling for conductin
R ) L T [ IR ATY L RIS C YT TR o

1. | Classifying alterations and improvement
separately from maintenance work

from maintenance
Distribution of work force within aplanned
et

.| Planning annual maintenance budget

Cost reporting & budget documentation

Formally identifying and presenting longrange

requirements for renewals and replacement to
financial manag

Wl

1

. | Identifying works in the budget plan.
. | Contr lling budget again: texendie _

Dmg accepted an app ied 1 o
Backlog summaries of approved work
Backlog reports revie and analysis

1. | Minimizing emergency work occurrence
2. | Standard time assessment for specific jobs
3. | Shutdown scheduling and planning
4. | Long term plans
TOTAL
Fourth Component: Work Accomplishment
No Questions

Establishing weekly scheduling
Documenting & reviewing scheduling
procedures weekly

Performance within +10% of planned works

Y nee
1. | Craft distribution planning for shop workforce
2. | Work ordering scheduling for craft hours
3. | Material scheduling for individual work orders
4. | Material and equipment availability

2. | Processing and programming of work separately @

Score (Earned
| (outof10) | Score)x
Weight

(Earned
Score) x
Weight

145
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No Questions “' i  Score (Earned
: B (outof10) | Score)x
Weight _

Designing Key maintenance processes
Work process automation
Quality cost measuring
Establishing performance indicators
iy Sipeess ik DGt
Shop space adequacy
Tools and equipment adequacy
Maintenance of conditions in shops and facilities

tore - . . . ’ ]

Adequate number of vehicles for maintenance
transportation
Adequate operation & maintenance of vehicles
Tools availabili

(w0 [ro]

NIRRT Ly

Spending high enough percentage of
supervisor’s time on direct supervision
2. | Clear supervisory responsibilities
Identifying training & safety programs by
supervisors
Labor and material cost estimation

w

Balancing contracts and in-house staff
Contract administration by experienced and
trained personnel

3. | Monitored contract performance

4. | Frequent management evaluation and
comparisons between contract and in-house

performance
TOTAL
Fifth Component: Information Technology & Appraisal
Questions | Score (Earned
i (out 0of 10) | Score)x

Jeight

LS L g T
. | Maintenance of MIS adequacy
Report design and utilization

1
2.
3. | Facility and equipment reports
4
5

Easy to use maintenance management system
Using expert systems




No

Questions

RIS TN

Score
(Out of 10)

(Earned
Score) x

1. | Using performance measurement methods
2. | Report summaries preparation
3. | Using engineered performance standards to

estimate labor hours on work orders

. | Frequent productivity studies

Conducting improvement studies

M [

Conducting work sampling of representative
shop workforce

Comparisons of various categories of work

Conducting improvement action plan
10 i i

Availability of facility history records

Availability of equipment history records

Spare parts information

Computerized inventory system

Review policy for variance between planned and

actual activities

2. | Establishing parameters and guidelines for
conducting these reviews
3. [ Variance records and periodic review

TOTAL

Sixth Component: Material Management

No

Questions

Periodic inventory review . .

Documentation of material used on work order
sheet.

Spare av'labil .
i \

E L VA R
Storeroom control procedure and record system

Security and accessibility

Stock Safety

Integration of salvage and “bench stock” with
inventory control

Purchase orders cost management

Materials handling cost management

Wi =

Materials stock out cost management

TOTAL

Score
(out of 10)

(Earned
Score) x

147
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The maintenance management system Effectiveness Index in your organization

is measured as follows:

6 .
z Total Earned Score x 100

Tatal Max. Score

6
= z Total Earned Score

=l 369

x 100

The maintenance management system in the organization is:

Extremely effective : 87.5
Effective : 68.75
Moderately Effective : 43.75

Little Effective :25.00
In-effective :

< Effectiveness Index
< Effectiveness Index
< Effectiveness Index
< Effectiveness Index

Effectiveness Index

ANANAIA

100
87.5
68.75
43.75
25.0
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CHAPTER V1

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 SUMMARY

The importance of building maintenance management auditing, statement of
the problem, and objectives of the study were introduced in Chapter One of
this thesis. Also the scope and limitations, and significance of the study and

its expected outcomes were outlined in the same chapter.

Chapter Two gave an introduction to the assessment of maintenance
management principles and their definitions, forms and importance to
maintenance management. Auditing, its definition, types and phases were

also discussed in the same chapter.
Furthermore, Chapter Three discussed the key components of maintenance

management auditing. These components were categorized into six major

components, as follows:

Information Technology and Appraisal;

1.  Organization and Human Resources;

2. Work Load Identification & Performance Measures;
3.  Work Planning and Scheduling;

4.  Work Accomplishment;

5.

6.

Material Management.
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Each major component contains several factors and sub-factors. These

factors and sub-factors were discussed in detail in Chapter Three.

Chapter Four discussed the research methodology, identification of factors
affecting building maintenance management auditing, questionnaire design,
scoring, sample size determination and analysis methodology. The
questionnaire was designed mainly to assess factors affecting maintenance
management auditing gathered from the literature review. It consists of two
parts: the first part of the questionnaire was designed to give general
information on the respondent to the questionnaire and on his organization.
Part Two was designed as fill-in-the-blank responses with five options for
the responses. The questionnaires were sent to government and private
sector organizations in the eastern province of Saudi Arabia. Questionnaires
were sent to 50 government organization and 50 large companies from the
private sector. The total number of completed responses received were 25

and 22 from government and private sectors respectively.

Chapter Five discussed the data analysis and results. The data obtained from
the survey were statistically analyzed. The mean value was calculated for
each component, factor and sub-factor. An importance index was used as
the scoring approach for ranking these factors according to their importance.
Chapter Five also discussed the the major findings of the resarch, as well as

the comparison between total, government and private sector responses.
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6.2 CONCLUSIONS

Based on the results and findings of this research, the following major

conclusions can be drawn:

L General Information

1.  Approximately half of the respondents of the total surveyed
organizations (51%) who answered the questionnaire are
Engineers/Architects, followed by Managers (35%), while the others

(14%) are maintenance supervisors.

2. The highest percentage of respondent’s years of experience in
maintenance work (34%) is eleven to fifteen years, followed by six to
ten years (25%), then up to five years (23%), whereas 17% of

respondents have more than fifteen years experience.

3.  Fifty five percent (55%) of respondents’ organizations have more than
500 employees whereas (17%) of them have only up to 100

employees.

4. It was found that 80% of the respondents’ organizations have more
than 50 personnel in their maintenance department, whereas none of

them have less than 11 personnel.

5.  The survey indicated that 61.7% of the 47 respondents conduct

maintenance management auditing in their departments. 48% of the
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government organizations and 77.3% of private sector respondents

conduct auditing.

From these total organizations conducting the auditing, 55% conduct
the auditing every year, the others conduct the auditing twice a year,

more than twice a year, or one time in several years.

Most of the organizations (59%) conduct the auditing through internal
auditors, whereas 20% and 14% call consultants and external auditors

respectively which are not high percentages.

Technical Information

The practices of building maintenance management were reviewed in
the literature review and through the conducted survey. Also factors
affecting building maintenance management auditing were assessed
and identified through the literature review, the questionnaire was
designed and sent to large governmental and private organizations in
the eastern province of Saudi Arabia. Through the survey no
respondents revealed other factors except two respondents who
suggested that routine, recurring work and service work may be
considered as one factor instead of two factors in the second
component (work load identification and performance measures).
Also some respondents suggested that the work control office should

report directly to the director general of the maintenance department.

It is found that organizations in the private sector give more

consideration to auditing of their maintenance management because
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efficiency, performance, productivity and work quality have a direct
effect on their business and subsequently on their return on
investment, such as in hotels, malls, industrial and commercial
organizations. For example the importance indicies given by
government organizations for organization and human resources and
material management are 73% and 70% respectively, while these two

components score 82% and 78% respectively by private organizations.

The government and private sectbrs have ranked “work request
procedure” factor as number 1. This means any maintenance
management organization must have a work order central unit and a
work request procedure to coordinate and process the maintenance
works in a systematic manner. Also, both parties have ranked
“service work and routine work” factors as the least important. It
seems that both parties considered these factors can be easily managed

and it would not have any difficulty in their execution.

All factors and sub-factors are generally ranked as either important or
moderately important in the total samples. @ However private
organizations consider some of the factors as extremely important.
The private sector has given more consideration to maintain their
construction since this issue affects their continuation in their business
directly. Factors and sub-factors which are considered as “extremely

important” by private organizations are:

1.  Clear work control responsibilities.

2.  Technical training.
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Availability of organization chart.
Job description for each position.
Planning staff sufficiency.
Availability of work order system.
Work request procedure.

Availability of documented procedure.

I I R

Planned preventive maintenance.

10. Minimizing emergency work occurance.

11. Planning annual maintenance budget.

12. Shutdown scheduling and planning.

13. Spending enough percentage of supervisors time on direct
supervision.

14.  Spare parts availability.

15. Security and accessibility.

16. Store room control procedure and record system.

Agreement between governmental and private sector under 95%
confidence was checked using the Spearman rule of Correlation
Formula. It is found that they agree on ranking of all factors. Also,
when a t-test is used to check the hypothesis, it is found that parties
agree on ranking of factors.

There are no specific ready formats and techniques for maintenance audit
applicable to all organizations. Therefore, and as a result of this lack, a

guideline check list for factors to be audited is provided in this thesis.



Based on the literature review, the survey conducted in the
eastern province of Saudi Arabia and data analysis, the six
major components (each component composed of factors and
sub-factors) affecting building maintenance management

auditing in Saudi Arabia are ranked as follows:

First Component: Organization & Human Resources

Organization structure

Policies, Rules and Services

Work control center functions, staffing
Shop organization

Shop supervision & planning functions
First line supervision & responsibilities

Training

o Q3 moow»

Motivation

Second Component:

Work Load Identification & Performance Measures

Facility condition inspection

Work request procedure
Relationship between sections
Preventive maintenance (equipment)
Service work

Routine, recurring work

om0 O0owy

Work requirements documentation
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Component: Work Planning & Scheduling

-QWFH.UOPU?"

Priority System

Work classification and weekly scheduling
Alterations and improvement work

Budget requirements for maintenance and repairs
Budget execution plan

Backlog of funded work

Emergency work & shutdown scheduling

Fourth Component: Work Accomplishment

omM MY 0w

Shop scheduling & planning procedure
Craft and material availability
Maintenance process re-engineering
Shop, spaces, tools & equipment
Transportation

Supervisor practices

Use of contracts

-~

Fifth Component: Information Technology & Appraisal

Mo oWy

Management Information System (MIS)
Measurement of performance
Productivity measurement

Information system & historical records

Variance review

Sixth Component: Material Management

A.

Parts & material availability
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B.  Store room operation

C. Inventory functions and costs

Based on the literature review, responses to the questionnaires and
data analysis, a form (Table 3.12) for building ‘maintenance
management auditing was developed, with the limitation that the
study was conducted in the eastern province of Saudi Arabia and
further survey and study needs to be conducted in other regions of
Saudi Arabia.

RECOMMENDATIONS

Based on the results and conclusions of this study, the following

recommendations are presented:

Large organizations should have internal maintenance auditors and
ready formats and techniques suitable for their organization.
However, external auditors and experts should participate in the audit
to obtain complementary results and recommendations for

improvement.

The organization structure of maintenance departments should be
reviewed regularly to minimize conflicts between sections and to

clarify authorities and responsibilities for sections and personnel.

Management of the work control center of maintenance departments
should be given serious consideration. For example, qualified

personnel should plan, follow-up and control the execution of
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maintenance work. Also the work control center should be audited
periodically due to its extreme importance.

Management should consider the training of their maintenance
employees to motivate them to get greater productivity and
performance. The training and motivation program should be
reviewed on a regular basis to update the requirements and improve

the program.

Material management should be activated in such areas as:

a)  Requirements for spare parts and materials should be
determined considering the cost of purchasing, handling,
storing and cost of stock-out.

b)  Store room control, record systems, security, accessibility and

stock safety should be audited and reviewed regularly.

Work planning and scheduling should be considered when auditing
the program of maintenance management. Good planners should be
employed and trained to fix priority systems, classify work, report on

maintenance costs and plan the annual maintenance budget.

The management should consider the audit of work accomplishments,
such as availability of material, scheduling and planning procedures,

maintenance process re-engineering, shop spaces and tools adequacy.

An adequate number of vehicles and tools is very important to the

maintenance department. Organizations covering large areas should
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have a good transportation system, since it directly affects

maintenance labor productivity and satisfaction of the users.

Supervisors should be selected from good experienced staff and
should be given clear responsibilities and areas of authority. They are
very important agents in their departments since they guide and teach
laborers, supervise them, identify training and safety programs,

estimate material and labor costs, etc.

Balancing contracts and in-house staff is an important factor. The
management should study carefully the advantages and disadvantages
and evaluate the comparison between contract and in-house

performance before a decision is taken.

The information technology and appraisal factor should be given
more consideration by higher level authorities. = Management
information systems (MIS) helps in many aspects, such as in reports

and productivity measurements.

Management of building maintenance should be aware of the
importance of work load identification and performance measures to
plan inspection of their facilities, design work request procedures and
distinguish between different types of work according to their

importance and classification.

Managers of building maintenance should not neglect:

a)  Auditing their programs on a regular basis.
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b)  Giving supervisors and experienced personnel the chance to
improve their workshops and participate in decision making.

¢) Reviewing reports carefully and studying improvement actions
to be taken.

Auditing of maintenance management helps to improve the

maintenance program’s effectiveness in many ways, such as

producing a better organizational structure, increasing productivity

and effectiveness in achieving desired goals, as well as better

utilization of resources.

RECOMMENDED FUTURE STUDIES

More studies and research need to be conducted in maintenance
management fields, such as on evaluation and auditing of maintenance
management systems. The survey of this study was conducted in the
eastern province of Saudi Arabia, but is recommended to be done in

other regions.

The developed building maintenance management auditing form is
based on the literature review and survey in the eastern province of
Saudi Arabia. It is recommended to be applied in the eastern province

and in other regions to confirm its application suitability.

Developing maintenance laws and regulations to be followed by

governmental organizations.

Assessment of factors affecting the productivity of maintenance

departments in governmental organizations in Saudi Arabia.
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College of Environmental 6esign

Architectural Engineering Program

Questionnaires

To Whom It May Concern

”»

The department 5f Architectural Engineering of the Coilege of the Environmental
Design at King Fahd University of Petroleum & Minerals is making a study on factors
affecting building maintenance management auditing in Saudi Arabia.

The main purpose of this study is to identify these factors and rank them according to
their importance. We are kindly asking you to participate by answering the attached
questionnaires. The information you give will be strictly confidential and used for
academic reason only. Your participation is important in contributing te completion
of this study. Questionnaires are comprising of two parts. The first part seeks
information sbout your firm. The second part seeks information on the factors
affecting building maintenance management auditing by ranking them. Your
immediate action will be highly appreciated, and piease forward your answers to the
following address:

5 Abdulaziz M. Al-Zahrani

| King Fahd University of Petroleum & Minerals
P.O.Box 5019
Dhaliran 31261

Thank you in anticipation of your cooperation.

Sincerely yours,

Sl t-Mebowns Ty

Dr. Abdul Mohsen Bin Abdullah Al-Hammad
Professor :

Architectural Engineering Department

King Fahd University of Petroleum & Minerals
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QUESTIONNAIRE

This questionnaire is part of the study on the “Assessment of Factors Affecting

Building Maintenance Management Auditing in Saudi Arabia”. Part 1 of

questionnaire contains questions seeking organization information.

PartI: General Information

1.

2.

Organization name (optional)

Department name (optional)

Respondent name (optional)

What is the position of the respondent in the organization?

Auditor Engineer/Architect Manager

Supervisor Other (please specify)

How many years of experience in maintenance management have you had?

1 -5 years 6 — 10 years |_|11—15years

More than 15 years

What is the nature of your organization?

Private Governmental

What is the main function of your organization?

Commercial

Industrial

Health Care




10.

11.

12.

Educational

What is the number of employees in your organization?

1-100

301 -400

Other (please specify)

101 -200

401 —to 500

201 -300

More than 500

What is the number of employees in the Maintenance Department of

your organization?

1-10

31-40

11-20

41 -50

21-30

More than 50

Are your operation and maintenance works partially or completely

contracted?

Yes

No

If the answer to the previous question is yes, what operation and
maintenance activities are contracted?

All

e

Horticulture

Other (please specify)

Elect/Mech.

Cleaning

Major plants

Specialized Eqt.

Is maintenance management in your organization audited?

Yes

No

If the answer to question 12 above is yes, please answer questions 13 and 14.

188



13.

14.

189

How frequently is your maintenance management audited?

Once a year Twice a year More than twice
a year
Other (please specify)
Who normally performs the audit?
Internal Auditors External Auditors Consultants

Others (Please specify)




190

Part II: Technical Information

Please select the most appropriate answer for each question according to its importance as
per your experience in the maintenance department of your organization. Also, please

note that blank blocks are left after each question for any additions.

First Component: Organization & Human Resources

No. Questions Extremely | Important | Moderately Litle Not
Important Important | Important | Important

A, Organization Structure

Availability of organization chart

1.

2. | Availability of function statements for all
components which define roles, authority &
responsibility

Job description for each position

Data updating procedure

Sl Rl Fad

B. Policies, Rules and Services

—
.

Availability of general policies and objectives
documentation

Complete services organization clearly defined

Availability of active updating procedure

el Fd b 1

C. Work Control Center Functions, Staffing

Clear work control responsibilities.

Effectiveness evaluation and review

Work reception staff training

Planning staff sufficiency

Sl Pl Boad 1 b

Establishing of data analysis for management
use

o

~

D. Shop Organization

Availability of documented shop functions

Clear related crafts relationships

Effectiveness review and evaluation

el Pl bad £ d b
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No. Questions Extremely | Important | Moderately Little Not
Important Important | Important | Important
E. Shop Supervision & Planning Functions
1. | Multi-craft job coordination
2. | Supervision coverage adequacy
3. | Establishment of planning functions to support
shop supervisors
4,
5.
F. First Line Supervision & Responsibilities
1. | Ratio of supervisors to craft workers
2. | Availability of adequate support staff
3. | Labor productivity follow-up
4,
5.
G. Training
1. | Technical training
2. [ Productivity training
3. | Management training
4,
5.
H. Motivation
1. | Conducting a climate survey
2. | Annual turnover due to quits and discharges of
laborers
3. | Employees’ financial motivation
4. | Employees’ awards and recognition
5. | Less barriers between labor and management
6.
7.
Second Component: Work Load Identification & Performance Measures
No. Extremely | Important | Moderately Little Not
Important Important | Important | Important
A, Facility Condition Inspection
1. | Availability of inspection staff
2. | Availability of documented inspection
scheduling
3. | Conducting maintenance & repairs based on
inspection
4.,
5.
B. Work Request Procedure
1. | Availability of work order system
2. | Availability of documented procedure
3. | Information feedback to requester
4.
5.
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No. Extremely | Important | Moderately Little Not
Important Important | Important | Important
C. Relationship Between Sections
1. | Personnel understanding of their work
relationships
2. | Job description of each section
3. | Team work assignment for the same jobs
4,
5.
D. Preventive Maintenance (Equipment)
1. { Planned preventive maintenance
2. | Accomplishing preventive maintenance work
within 10% of schedule
3. | Periodically reviewing equipment history
records.
4,
5.
E. Service Work
1. | Classifying service works separately from
other work
2. | Clearly documenting processing procedure of
service work
3. | Conducting work load analysis
4,
5.
F. Routine, Recurring Work
1. | Classifying recurring work to be controlled
separately
2. | Reporting standing work order scheduling &
performance weekly
3. | Cost estimation of recurring work
4,
5.
G. Work Requirements Documentation
1. | Establishing prioritization of all work
2. | Summarizing works by status
3. | Reviewing work load periodically
4,
5.
Third Component: Work Planning & Scheduling
No. Quesﬁons Extremely | Important | Moderately Little Not
Important Important | Important | Important
A, Priority System
1. | Documentation & distribution of priority
criteria
2. | Appropriateness of priority criteria
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No. Quesﬁons Extremely | Important | Moderately Little Not
Important Important | Important { Important
3. | Consistency of priority criteria
4.
5.
B. Work Classification and Weekly Schedule
1. | Work Classification for all tasks
2. | Developing and implementing work

' processing procedure

Weekly scheduling for conducting work

Alterations and Improvement Work

Classifying alterations and improvement
separately from maintenance work

Processing and programming of work
separately from maintenance

Distribution of work force within a planne
target :

g

Budget Requirements for Maintenance and
Repairs

[y
.

Planning annual maintenance budget

Cost reporting & budget documentation

Formally identifying and presenting long
range requirements for renewals and
replacement to financial managers.

Budget Execution Plan

Establishing periodic budget execution
planning

Identifying works in the budget plan.

Controlling budget against expenditure

I EN PRI

Backlog of Funded Work

Defining accepted and applied backlog

Backlog summaries of approved work

Backlog reports review and analysis

el o Boad 3 b

Emergency Work & Shutdown Scheduling

Minimizing emergency work occurrence

Standard time assessment for specific jobs
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No. Questions Extremely | Important | Moderately Little Not
Important Important | Important | Important

Shutdown scheduling and planning

Long term plans

S Rl Bl o

Fourth Component: Work Accomplishment

No. Questions Extremely | Important [ Moderately Little Not
Important Important | Important | Important

A. Shop Scheduling & Planning Procedure

Pt
.

Establishing weekly scheduling

2. | Documenting & reviewing scheduling
procedures weekly

3. | Performance within +10% of planned works

4. | Shop planning support availability

5.

6.

B. Craft and Material Availability

1. | Craft distribution planning for shop workforce
2. | Work ordering scheduling for craft hours
3. | Material scheduling for individual work orders
4. | Material and equipment availability
5.
6.
C. Maintenance Process Re-Engineering
1. [ Designing Key maintenance processes
2. | Work process automation
3. | Quality cost measuring
4. | Establishing performance indicators
5.
6.

D. Shop, Spaces, Tools & Equipment

Shop space adequacy

Tools and equipment adequacy

Maintenance of condition in shop & facilities

bt Pl ad L nd o

E. Transportation

1. | Adequate number of vehicles for maintenance

transportation
2. | Adequate operation & maintenance of vehicles
3. | Tools availability
4.
5.
F. Supervisory Practices

1. | Spending high enough percentage of
supervisor’s time on direct supervision
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No. Questions Extremely | Important | Moderately Little Not
Important Important | Important | Important
2. | Clear supervisory responsibilities
3. | Identifying training & safety programs by
supervisors
4. | Labor and material cost estimation
5.
6.
G. Use of Contracts
1. | Balancing contracts and in-house staff
2. | Contract administration by experienced and
trained personnel
3. | Monitored contract performance
4. | Frequent management evaluation and
comparisons between contract and in-house
performance
5.
6.
Fifth Component: Information Technology & Appraisal
No. Questions Extremely | Important | Moderately Little Not
Important Important | Important | Important
A, Management Information Systems (MIS)
1. [ Maintenance of MIS adequacy
2. | Report design and utilization
3. | Facility and equipment reports
4. | Easy to use maintenance management system
5. | Using expert systems
6.
7.
B. Measurement of Performance
1. | Using performance measurement methods
2. | Report summaries preparation
3. | Using engineered performance standards to
estimate labor hours on work orders
4. | Conducting improvement studies
5.
6.
C. Productivity Measurement
1. | Frequent productivity studies
2. | Conducting work sampling of representative

shop workforce

Comparisons of various categories of work

Conducting improvement action plan
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No. Questions Extremely | Important | Moderately Little Not
Important Important | Important | Important
D. Information System & Historical Records
1. | Availability of facility history records
2. | Availability of equipment history records
3. | Spare parts information
4. | Computerized inventory system
5.
6.
E. Variance Review
1. | Review policy for variance between planned
and actual activities.
2. | Establishing parameters and guidelines for
conducting these reviews
3. | Variance records and periodic review
4,
5.
Sixth Component: Material Management
No. Extremely | Important | Moderately Little Not
Important Important | Important | Important
A, Parts & Material Availability
1. | Periodic inventory review
2. | Documentation of material used on work order
sheet
3. | Spare parts availability
4,
5.
B. Storeroom Operation
1. | Storeroom control procedure and record system
2. | Security and accessibility
3. | Stock Safety
4. | Integration of salvage and “bench stock” with
inventory control
5.
6.
C. Inventory Functions and Costs
1. | Purchase orders cost management
2. | Materials handling cost management
3. | Materials stock out cost management
4,
S.

Thank you for your participation in our study and for your valuable comments.




